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Six commercial probiotic strains were used in this study to ferment 
diluted durian pulp (70% dilution). Four strains were used from the genus 
Lactobacillus, namely: L. casei L26, L. casei LPC-37, L. acidophilus L10 and 
L. rhamnosus HN001. Two strains were used from the genus Bifidobacterium, 
namely: B. animalis subsp. lactis B94, and B. animalis subsp. lactis HN019.  
The objective was to evaluate their potential for producing novel probiotic 
durian beverages with enhanced health properties. 
Out of the six strains, monocultures of L. casei L26 and B. animalis 
subsp. lactis B94 had the best survivability during 39 days of storage at 30°C 
with the average cell count of 1.71 x 10
6
 CFU/mL for L. casei L26 and 7.72 x 
10
4
 CFU/mL for B. animalis subsp. lactis B94. As for the utilization of sugars 
and the production of acids, no significant differences were found within the 
four strains of Lactobacillus. On the other hand, B. animalis subsp. lactis 
HN019 did not survive on day 14 at 30°C, while B. animalis subsp. lactis B94 
on day 14 still retained an average cell count of 2.63x10
6
 CFU/mL at 30°C.  
Co-culturing L. casei L26 with yeast Williopsis saturnus NCYC22 
resulted in the improvement of the survivability of L. casei L26 by two fold on 
day 21 at 30°C with the average cell count of 2.53 x 10
8
 CFU/mL, as well as 
the aroma profile of the fermented durian, compared to the monoculture such 
as the formation of acetate esters. There were no significant differences found 
in the utilization of sugars for both fermentations, but there were some 
significant differences in the production of organic acids, such as acetic acid 
vii 
 
and lactic acid. The co-culture of B. animalis subsp. lactis B94 with W. 
saturnus NCYC22 did not show any significant differences in all of the 
parameters tested compared to the monoculture, due to the early death of W. 
saturnus NCYC22 on day 7.  
These findings suggest that durian could be used as one of the possible 
media for fermentation by probiotic lactobacilli. Furthermore, co-inoculation 
with Williopsis yeast could increase survivability of probiotic lactobacilli and 
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Chapter 1  
Introduction and Literature Review 
 
1.1 Characteristics of durian 
Durian (Durio zibethinus Murr.) is one of the most popular seasonal 
fruits in tropical Asia (Dembitsky et al., 2011), belonging to the family 
Bombacaceae and the genus of Durio (Brown, 1997). Durians are grown 
commercially in ASEAN countries, such as Malaysia, Indonesia, Thailand, 
and the Philippines. This fruit is well known and revered in Southeast Asia as 
“the king of fruits”, due to its distinctive thorn-covered husk and unique 
odour. Durian trees (25-50m in height) thrive well in warm and humid climate, 
with the ideal temperature ranging from 25 to 30°C (Foo et al., 2011). The 
fruit is almost the size of a basketball, and it typically weighs 1 to 3 kg. The 
availability of durian is from the middle of May to the end of July.  
The importance of durian is mostly connected with its odour, 
composition and antioxidant properties (Dembitsky et al., 2011). It has been 
reported that durian has additional health properties: polysaccharide gel, 
extracted from the hulls, reacts on immune responses based on an animal 
study, and is responsible for cholesterol reduction (Chansiripornchai and 
Pongsamart, 2008). The glycemic index of durian was the lowest compared to 
papaya and pineapple; it is also rich in n-3 fatty acids (Phutdhawong et al., 
2005).  
Durian is characterized by a penetrating sulphury, often objectionable 
odour described to be close to that of a rotten onion (Martin, 1980). In a recent 
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study conducted byVoon et al. (2007) on five different Malaysian durian 
cultivars (D2, D24, D101, MDUR78 and Chuk), the researchers found that 
sulphur compounds were the predominant compounds followed by ester 
compounds and alcohols. There were eight common sulphur compounds 
detected in all five cultivars namely: ethanethiol, ethyl methyl disulphide, 
diethyl disulphide, ethyl n-propyl disulphide, diethyl trisulphide, two isomers 
of 3,5-dimethyl-1,2,4-trithiolane and 1,1-bis(ethylthio)-ethane. The major 
esters were either ethyl propanoate or ethyl 2-methylbutanoate, followed by 
propyl 2-methylbutanoate. Other esters detected were ethyl acetate, methyl 
propionate, ethyl propanoate, ethyl 2-methylbutanoate and propyl 2-methyl 
butanoate. The presence of these five esters was also confirmed in a previous 
study conducted by Wong and Tie (1995) and Chin et al. (2007). Two 
common alcohols detected were ethanol and 1-butanol. 
 
1.2 Current state of durian processing 
The growth of durian in the global trade has been phenomenal, 
dominated by its major producers: Thailand, Malaysia, and Indonesia. In 
Indonesia alone, in the year of 2011, it was reported that the total production 
of durian was 567 kt (Santoso, 2012). The overproduction of durian results in 
an excess of fruits and increases in wastage, since durian has a limited shelf 
life at room temperature and becomes overripe rapidly after harvesting, 
reducing its quality for consumption as fresh fruits (Voon et al., 2006). In 
order to overcome this problem, several methods of preservation have been 
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employed to extend the shelf life or to convert durian pulp into a more stable 
product. 
Refrigeration is one of the several methods to preserve durian pulp. 
Low temperature storage significantly lowered the rate of bacterial growth and 
extended the shelf life from days to weeks (Voon et al., 2006). Another 
approach is through thermal processing. Thermal processing has been used to 
produce durian chips and durian leather sheets ( Jaswir et al., 2008; Bai-Ngew 
et al., 2011).  Spray drying and freeze-drying are also employed to create 
durian powders.  
Fermentation offers an alternative solution to lengthening the shelf life 
of durian pulp through the aid of beneficial microorganisms by converting it to 
a more stable product. Tempoyak is a famous condiment in Indonesia and 
Malaysia, made out of durian pulp through natural fermentation. Tempoyak is 
prepared by mixing durian pulp with 1-2% salt in a sealed container for 4-7 
days to allow natural lactic acid fermentation (Leisner et al., 2001; Neti et al., 
2011). The added salt inhibits the growth of pathogenic and spoilage 
microorganisms while favouring the growth of lactic acid bacteria (LAB) 
(Amiza et al., 2006). The predominant LAB in tempoyak is Lactobacillus 
plantarum (Leisner et al., 2001; Neti et al., 2011). The spontaneous 
fermentation of tempoyak affects the flavour composition compared to fresh 
durian. This is due to the disappearance of the major sulphur compounds such 
as diethyl trisulphide, N-dimethylthioisophinyl-3-amino, and dipropyl 
disulphide while no substantially change was observed in the major non-
sulphur compounds (Neti et al., 2011). 
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Given the popularity of tempoyak and the spontaneous nature of its 
lactic acid fermentation, there is a niche to develop a novel fermented durian 
product with enhanced nutritive value and consistent quality. Bacteria that 
produce lactic acid as the major end product of sugar metabolism are 
commonly used to carry out acid fermentation of various food products. 
Probiotics, which are mostly LAB and bifidobacteria including the species 
belonging to the genera Lactobacillus and Bifidobacterium (Gibson et al., 
1997), are able to carry out acid fermentation not only to preserve, but also to 
offer some added nutritional values to the product. 
 
1.3 An overview of probiotics 
The definition of probiotic is “live microorganisms that, when 
administered in adequate amounts, confer a health benefit on the host.”  (FAO, 
2001). Probiotic food is defined as a processed product which contains viable 
probiotic microorganisms in a suitable matrix and in sufficient concentration 
(Saxelin et al., 2003). Before a probiotic can benefit human health, it must 
fulfil several criteria (Saarela et al., 2000): It must have good technological 
properties so that it can be manufactured and incorporated into food products 
without losing viability and functionality; it must survive through the upper 
gastrointestinal (GI) tract and arrive alive at its site of action; and it must be 
able to function in the gut environment. 
The number of viable and active cells in probiotic food products at the 
time of consumption is the most critical value of these products, because it 
determines their medical efficacy (Tamime et al., 2005; Khorbekandi et al., 
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2011). In general, the concentrations of 10
6
 – 108 cfu/mL are accepted as the 
minimum and satisfactory levels. It is also stated that probiotic products 
should be consumed regularly in order to deliver an adequate amount of viable 
cells into the intestine (Karimi et al., 2011; Mohammadi et al., 2011).  
However, many factors influence the viability of probiotic microorganisms in 
food products, such as strains of probiotics, pH, oxygen, food matrix, 
temperature, and microbial antagonism. 
Care must be taken in selecting the most appropriate strain of 
probiotics for a particular food application. Selection of probiotic strains used 
in food products should be made according to both the criteria of compatibility 
and resistance to the product and in vivo conditions in order to increase the 
viability of the probiotic bacterial strains (Korbekandi et al., 2011). Suitable 
probiotic strains are those able to maintain their survival and stability during 
commercial production of products as well as during storage period (Godward 
et al., 2000; Talwalkar and Kailasapathy, 2004). Additionally, a high survival 
rate during delivery through the gastrointestinal tract (GIT) is necessary to 
allow enough live cell arrival in the human intestine. Hence, selection of 
resistant probiotic strains against production, storage and GIT condition is of 
prime importance. 
pH of probiotic products considerably affect survival of probiotic 
microorganisms (Mortazavian et al., 2010), as hydrogen ions damage probiotic 
cells via disrupting mass transfer through the cell membranes (Mortazavian 
and Sohrabvandi, 2006). In food products, such as fermented milks and 
yogurts, lactobacilli are able to survive with pH values 3.7-4.3 but with a 
limited period of time (Boylston et al., 2004). Bifidobacteria tend to be less 
6 
 
aciduric, with most species surviving poorly in fermented products at pH 
levels below 4.6 (Boylston, 2004; Ross et al., 2005; Lee and Salminen, 2009).  
The degree of oxygen sensitivity varies considerably between different 
species and strains of probiotics (Kawasaki et al., 2006). Generally, 
lactobacilli are more tolerant of oxygen than bifidobacteria, to the point where 
oxygen levels are rarely an important consideration in maintaining the survival 
of lactobacilli (Lee and Salminen, 2009). Oxygen is a powerful oxidant and 
therefore a good electron acceptor for respiratory metabolism. However, 
oxygen can also be toxic due to incomplete reduction that generates reactive 
oxygen species such as superoxide, hydrogen peroxide, and hydroxyl radicals, 
which can have deleterious effects on biomolecules including DNA, RNA, 
membrane lipid and protein (Yamamoto et al., 2011). 
Food matrix can provide a good protection for probiotic 
microorganisms. In contrast to liquid matrices, solid matrices in food products 
support probiotic cells by reducing their exposure to detrimental factors, such 
as hydrogen ions and organic acids (Karimi et al., 2011; Mohammadi and 
Mortazavian, 2011). An example is cheese, where the anaerobic environment, 
high fat content and buffering capacity of the matrix help to protect the 
probiotic cells both in the product and during intestinal transit (Bolyston et al., 
2004; Lee and Salminen, 2009). 
Temperature is a critical factor influencing probiotic survival, whether 
it is a fermentation temperature or storage temperature. Fermentation 
temperature is one of the most important factors affecting the qualitative 
parameters of probiotic fermented products, including the viability of probiotic 
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microorganisms and fermentation time. The optimum temperature for growth 
of most probiotics is between 37°C and 43°C (Boylston et al., 2004; Doleyres 
and Lacroix, 2005; Lee and Salminen, 2009). Storage temperature also affects 
cell survival, type and concentration of metabolites of probiotic bacteria in 
fermented products. According to Mortazavian et al. (2007), storage 
temperature for ABY-type culture (L. acidophilus, B. lactis and yogurt 
bacteria) at 2°C for 20 days resulted in the highest viability of L. acidophilus, 
while, B. lactis had the highest viability when stored at 8°C but showed low 
resistance to low refrigeration temperatures (2°C or less) (Korbekandi et al., 
2011).  
The viability of probiotic is also faced with one of the greatest hurdles, 
which is competition with other microorganisms. However, according to Liu 
and Tsao (2009, 2010), the viability of probiotics can be increased by co-
culturing the probiotics with selected yeasts, for example, Williopsis saturnus. 
Furthermore, several Williopsis yeasts are mycocinogenic and are antagonistic 
toward other yeasts, suggesting that these Williopsis yeasts can act as 
protective cultures against potential spoilage microbes (Nomoto et al., 1984; 
Ohta et al., 1984; Michalčáková et al., 1993; Vital et al., 2002). 
 
1.4 Current state of probiotic food products 
Current and traditional industrial probiotic foods are basically dairy 
products containing probiotic bacteria, such as fermented (yoghurt, fermented 
milk, cheese) and non-fermented dairy products (ice cream and frozen dairy 
desserts) (Laoria and Martin, 1991; Young, 1998; Hagen and Narvhus, 1999; 
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Lourens-Hattingh and Viljoen, 2001). The most common means to incorporate 
probiotics into fermented milk include: (i) addition of probiotics together with 
the starter cultures; (ii) the production of two batches separately, one 
containing the probiotic microorganism in milk to achieve a high 
concentration of viable cells and another with starter cultures; when the 
fermentation stages are completed, the batches are mixed; (iii) the use of a 
probiotic microorganism as a starter culture (Soccol et al., 2010). Ice cream 
and frozen dairy desserts have the advantage to be stored at low temperatures, 
which makes them less exposed to abusive temperatures having higher 
viability at the time of consumption (Cruz et al., 2009). Nevertheless, to 
efficiently produce probiotic ice cream, it is important to select oxygen-
resistant strains since the incorporation of air in the mixture occurs in the 
production process, which is harmful to anaerobic strains of probiotic (Soccol 
et al., 2010).  
The use of dairy products to deliver probiotics may cause some 
inconveniences for those with lactose intolerance and cholesterol problems. 
Nevertheless, there is a genuine interest in the development of fruit juice-
based functional beverages with probiotics (Rivera-Espinoza and Gallardo-
Navarro, 2010). Fruit juice has been suggested as a novel, yet appropriate 
medium for fortification with probiotic cultures because it is already 
positioned as a healthy food product (Tuorila and Cardello, 2002; Yoon et al., 
2004). There are two routes of producing probiotic fruit juice: in the first 
route, probiotics are grown in the final food matix, which becomes a 
fermented product and several studies have reported the use of probiotic 
bacteria to ferment fruit juices (Table 1.1). The second route is to grow the 
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probiotics in different media which in itself is not the final food matrix, and 
then added to final food matrix. An encapsulation step is often required in 
cases of non-fermented probiotic fruit juice.  
 
Table 1.1 Viability of probiotic cultures in fruit and vegetable juice products 




Viability of the 
probiotic in the 
product 
Tomato juice 
L. acidophilus LA39, L. 
casei A4, L. delbrueckii 
D7 and L. plantarum C3 
10
6
 – 108 cfu/mL 
Beet juice 
L. acidophilus LA39, L. 
casei A4, L. delbrueckii 
D7 and L. plantarum C3 
10
6
 – 108 cfu/mL, 
except for L. 
acidophillus 
Orange, and pineapple 
juice 
L. casei DN114001, L. 
rhamnosus GG, L. 
paracasei NFBC43338, 
and B. lactis Bb-12 
Above 10
7
 cfu/mL of L. 
casei, L. rhamnosus and 
L. paracasei in orange 
juice and above 10
6
 
cfu/mL in pineapple 




 cfu/mL in both 
juices 
Cantaloupe juice L. casei NRRL B-442 Above 10
8
 cfu/mL 




 Although the (micro) encapsulation technology has received attention 
from food companies, it is faced with the difficulty of maintaining cell 
viability due to disintegration of encapsulants under the high moisture 
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conditions encountered by the probiotic bacteria in food matrices and there is 
still work that needs to be done to improve this technology (Weinbreck et al., 
2010). On the other hand, fermentation is much preferred due to the simple 
and low energy preservation process (Wasnin et al., 2012). In addition, 
probiotic fermentation has the potential to improve the properties of raw 
materials used (Makinen et al., 2012). For instance, some probiotic bacteria 
have β-glycosidase activities that improve the bioavailability of isoflavones, 
flavonols, and phenolic acids (Ding and Shah, 2010; Cho et al., 2011). 
Regarding sensory attributes, according to Frank et al. (2010), L. johnsonii 
La1 could reduce the bitterness of coffee by hydrolyzing chlorogenic lactones 
formed during roasting.  
 
1.5 Characteristics of probiotics 
Most probiotics are related to the Lactobacillus and Bifidobacterium 
genera (Gibson et al., 1997). LAB have a long history of proven safe 
consumption and are rarely involved in disease. Therefore, they have been 
accorded the generally recognized as safe (GRAS)  status (Salminen and von 
Wright, 1998). 
 
1.5.1 Characteristics of lactobacilli 
The genus Lactobacillus belongs to the phylum Firmicutes, class 
Bacilli, order Lactobacillales, and family Lactobacillaceae (Barinov et al., 
2011). They are Gram-positive, non-spore-forming, rod-shaped bacilli and are 
characterized by the formation of lactic acid as the sole or main end products 
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of carbohydrate metabolism. Lactobacillus species are well used in the diet, 
with some of the species claimed as probiotics, such as L. acidophilus, L. 
delbrueckii subsp. bulgaricus, L. fermentum, L. casei, and L. reuteri.  
When hexose (i.e., glucose) is used as a carbon source, LAB, including 
lactobacilli, can be divided into homofermentative and heterofermentative 
species. However, the genus itself has been divided into three major 
subgroups, namely: obligate homofermentative (Group 1), facultative 
heterofermentative (Group 2), and obligate heterofermentative (group 3). 
Table 1.2 summarizes the characteristics used to distinguish among the three 
groups and some of the more well-known species included in the groups.  
 
Table 1.2 Arrangement of the Genus Lactobacillus (Sharpe, 1981; Kandler 
and Weiss 1986) 
Characteristics Group 1 Group 2 Group 3 
Pentose fermentation - + + 
CO2 from glucose - - + 




FDP aldolase present + + - 
















Inducible by pentose 
 
In general, the term homofermentative LAB refer to those in the group 
that use the glycolytic pathway (Embden-Meyerhof pathway) for glucose 
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fermentation. Glycolysis is characterized by the formation of fructose-1,6-
diphosphate (FDP), which is split by an FDP aldolase into dihydroxyacetone 
phosphate (DHA-P) and glycealdehyde-3-phosphate (GAP). GAP (and 
DHAP) is then converted to pyruvate in a metabolic sequence including 
substrate level phosphorylation at two sites. Under normal conditions, i.e., 
excess glucose and limited oxygen, pyruvate is reduced to lactic acid by a 
NAD
+
 - dependent lactate dehydrogenase (LDH), thereby reoxidizing the 
NADH formed during the earlier glycolytic steps. A redox balance is thus 
obtained; lactic acid is virtually the only end product. The homofermentative 
pathway yields two moles of lactic acid and a net gain of two ATP per mole 
glucose consumed. 
The other main fermentation pathway is the phosphoketolase pathway 
(pentose phosphate pathway). It is characterized by initial dehydrogenation 
steps with the formation of 6-phosphogluconate, followed by decarboxylation. 
The remaining pentose-5-phosphate is split by phosphoketolase into GAP and 
acetyl phosphate. GAP is metabolized in the same way as for the glycolytic 
pathway, resulting in lactic acid formation. When no additional electron 
acceptor is available, acetyl phosphate is reduced to ethanol via acetyl CoA 
and acetaldehyde. Since this metabolism leads to significant amounts of other 
end products (e.g. CO2, ethanol) in addition to lactic acid, it is referred to as a 
heterofermentative pathway. Heterofermentative pathway gives one mole of 
each lactic acid, ethanol, and CO2 and one ATP/glucose. Both fermentation 




Figure 1.1 Major fermentation pathways of glucose (A) Homolactic 
fermentation (glycolysis, Embden-Meyerhof pathway); (B) Heterolactic 
fermentation (6-phosphogluconate/phosphoketolase pathway). Selected 
enzymes are numbered: 1. Glucokinase; 2. Fructose-1,6-diphosphate aldolase; 
3. Glyceraldehyde-3-phosphate dehydrogenase; 4. Pyruvate kinase; 5. Lactate 
dehydrogenase; 6. Glucose-6-phosphate dehydrogenase; 7. 6-
Phosphogluconatedehydrogenase; 8. Phosphoketolase; 9. Acetaldehyde 




1.5.2 Characteristics of bifidobacteria 
The genus Bifidobacterium belongs to the phylum Actinobacteria, class 
Actinobacteria, subclass Actinobacteridae, order Bifidobacteriales, family 
Bifidobacteriaceae (Garrity et al., 2004). Bifidobacteria are Gram-positive 
rods that occur with varying appearances including short-curved rods, club 
shaped rods and bifurcated Y-shaped rods. They are non-spore-forming, non-
motile, and non-filamentous. Most strains are strictly anaerobic, but some 
bifidobacteria can tolerate oxygen to a certain degree depending on the species 
and culture medium (De Vries and Stouthamer, 1969). 
Bifidobacteria have a long safe history of use as probiotics in 
fermented foods and dairy products, and the risk of infection from ingested 
bifidobacteria is very low (Gasser, 1994; Ouwehand et al., 2002). It is well 
known that probiotic bifidobacteria exert health-promoting effects, such as 
prevention of diarrhoea and microbial infection, alleviation of lactose 
intolerance, inflammatory bowel disease, and modulation of immune function 
(Leahy et al., 2005). The probiotic effects of Bifidobacterium were already 
alluded to when they were first discovered in 1899 (Tissier, 1990). The 
therapeutic properties of this genus of bacteria led the Japanese to introduce it 
into their diet (Yamazaki et al., 1985; Ebissawa et al., 1987). Most species of 
Bifidobacterium of human origin produce vitamins, such as thiamine (B1), 
riboflavin (B2), pyridoxine (B6), folic acid (B9), cobalamin (B12), ascorbic acid 
(C), nicotinic acid (PP), and biotin (Shah, 2011). There are five species of 
bifidobacteria that are normally used as probiotics, namely: B. adolescentis, B. 
animalis, B. bifidum, B. breve, and B. longum (Russell et al., 2011).  
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In the genus Bifidobacterium, hexoses are degraded exclusively and 
specifically by the fructose-6-phosphate pathway. The fermentation of two 
moles of glucose leads to three moles of acetate and two moles of lactate. In 
reality, pyruvate can be broken down along two pathways (Ballongue, 1993) 
(Figure 1.2): 
 The first is the reduction of pyruvate to form L(+) lactate by L(+) 
dehydrogenase (E.C.1.1.1.27), an enzyme the activity of which is 
controlled by fructose-1,6-diphosphate. 
 The second pathway involves the splitting of the pyruvate by 
phosphoroclastic enzyme to form formic acid and acetyl phosphate, a 
portion of which is subsequently reduced to form ethyl alcohol or 





Figure 1.2 Metabolic pathway of Bifidobacterium. 1 = hexokinase and 
glucose-6-phosphate isomerase; 2 = fructose-6-phosphate phosphocetolase; 3 
= transaldolase; 4 = transketolase; 5 = ribose-5-phosphate isomerase; 6 = 
ribulose-5-phosphate epimerase; 7 = xylulose-5-phosphate phosphocetolase; 8 
= acetate kinase; 9 = homofermentative pathway enzymes; 10 = L(+) lactate 
dehydrogenase; 11 = phosphoroclastic enzyme; 12 = formate dehydrogenase 






1.6 Aims and objectives 
The first objective was to evaluate fermentation performance of six 
probiotics in durian pulp with regard to growth, viability and stability during 
ambient storage in most tropical countries (30°C), substrate utilization and 
production. Selected probiotics would be used in subsequent experiments. The 
second objective was to examine the impact of yeast on growth and 
fermentation of selected probiotics in relation to probiotic viability during 
ambient storage and metabolite formation. The ultimate aim was to develop a 
novel probiotic durian beverage with high live cell counts of probiotics and 
enhance flavour to complement the naturally fermented lactic tempoyak.  
Since most studies on probiotics survival were done at 4°C, the 
outcome of this study would enable the extension of shelf life of probiotics 
fermented durian pulp. By increasing its survival, especially in an adverse 
environment such as when temperature abuse occurs, would ultimately allow a 
reduction in the requirement for a costly chilled distribution chain system. Its 
increased ability to facilitate an enhanced likelihood of survival would thereby 
suggest additional benefits such as a wider marketplace penetration; such 
benefits allowing further access to populations of low economic status. 
Facilitating an increased ability to survive in variable conditions therefore 
enables storage and distribution capabilities previously denied to those 




Chapter 2  
Materials and Methods 
 
2.1 Materials 
2.1.1 Durian fruits  
Durian fruits of cultivar “XO-D24” purchased during the period of 
May to June 2012 from a local fruit store in Singapore were used for this 
research. The origin of the fruit was Malaysia, one of the largest durian 
producing countries.  The fruits were freshly cut, the pulp was removed from 
the seed, and the durian puree was obtained within 24 hours of purchase. The 
puree was stored at -20°C before use. 
 
2.1.2 Microbes and culture media 
Six commercially available freeze-dried probiotics obtained from two 
different companies (DSM and Danisco) and one Williopsis yeast were used in 









Table 2.1 Microbes used in this study 





Lactobacillus acidophillus L10 Danisco 
Lactobacillus rhamnosus HN001 Danisco 





Williopsis saturnus var. saturnus 
NCYC22 
National Collection of Yeast 
Cultures, UK 
 
 Active freeze-dried Lactobacillus strains were first propagated 
statically in 15 mL of MRS broth from Oxoid, London, UK for 48 hours at 
37°C. While active freeze-dried Bifidobacteria were propagated anaerobically 
in 15 mL of MRS broth added with 0.05% w/w L-cysteine (Sigma-Aldrich, 
Missouri, USA) for 48 hours at 37°C. The active dried yeast was propagated 
statically in nutrient broth for yeast (0.25% w/v yeast extract, 0.25% w/v 
peptone, 0.25% w/v malt extract and 2% w/v glucose) for 48 hours at 25°C. 
All of the microbes were then stored in 1.5 mL aliquots in sterile tubes at -
80°C as stock cultures until use. Sterilization of all media and containers was 
at 121°C for 15 min.  
 
2.2 Methods 
2.2.1 Preparation of durian pulp  
Durian pulp was subject to 70% w/w dilution with de-ionized water 
(18.2 MΩ; Sartorius, Göttingen, Germany) and homogenized using a 
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commercial blender before pasteurization at 60°C for 20 min in a water bath 
(Julabo, Seelbach, Germany). Pasteurization effectiveness was verified by 
standard plate count method and there were no microbes found on the plate 
after pasteurization. 
 
2.2.2 Fermentation of durian pulp 
A preculture of each probiotic for sample inoculation was prepared by 
growing in 30 mL of pasteurized durian pulp, statically for Lactobacillus and 
anaerobically for Bifidobacterium at 37°C for 48 h to obtain a cell population 
of ~10
8
 cfu/mL. While the preculture of yeast was prepared by growing 
statically in 30 mL of pasteurized durian pulp at 25°C for 4 days to obtain a 
minimum cell population of ~10
5
 cfu/mL. 
Fermentations was carried out in sterile 500 mL-conical flasks 
containing 500 mL of pasteurized durian pulp, capped with a cotton wool 
followed by aluminium foil at 37°C for the first 3 days to achieve a maximum 
cell population, then stored at 30°C for another 39 days to simulate the 
ambient temperature in tropical areas, especially in Singapore . Fermentation 
conditions for Lactobacillus and Bifidobacterium were static and anaerobic 
respectively. Anaerobic conditions were ensured by the use of AnaeroJar 
(Oxoid, London, UK) and AnaeroGen (Oxoid, London, UK). 
Experiments were carried out in two stages: 
The first stage included six fermentations (each in three independent 
trials) divided into two groups. The first group contained two Lactobacillus 
cultures (L26 and L10) and one Bifidobacterium (B94) from DSM, while the 
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second group also contained two Lactobacillus cultures (LPC-37 and HN001) 
and one Bifidobacterium (HN019) from Danisco. One Lactobacillus and one 
Bifidobacterium with the highest cell count were chosen for the second stage 
of the research. 
The second stage of the research involved sequential inoculation of 
chosen probiotics with a yeast Williopsis saturnus var. saturnus NCYC22 on 
day 3 so that the probiotics could reach a maximum cell population before the 
inoculation of yeast. Monocultures of the chosen Lactobacillus and 
Bifidobacterium served as controls.  
All equipments in contact with the puree were sterilized using an 
autoclave at 121°C for 15 min. A diagram of preparation and fermentation of 
















70% dilution and pasteurization at 60°C, 20 
min. 
Inoculation of probiotic cultures  
Selection of one Lactobacillus species and 
one Bifidobacterium species with the 
highest survival  
Durian pulp 
Sequential inoculation of 
Lactobacillus with W. saturnus on day 
3  
Sequential inoculation of 
Bifidobacterium with W. saturnus 
on day 3  
Incubation and monitoring of cell count, 
pH, organic acids, sugars, and volatile 
compounds 
Incubation and monitoring of cell count, 
pH, organic acids, sugars, and volatile 
compounds 
Probiotic fermented durian pulp 
Figure 2.1 A diagram of probiotic durian pulp fermentation 
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2.2.3 pH measurement 
A pH meter (Metrohm, Switzerland) was used to monitor the pH 
changes during durian pulp fermentation. 
 
2.2.4 Enumeration of probiotic strains and yeast populations 
Fermenting durian pulps were sampled for enumeration, which was 
achieved using the spread plate method. Incubation was at 37°C  for 48 h on 
MRS agar (aerobically) for Lactobacillus species, MRS agar added with 
0.05% w/w L-cysteine (anaerobically, in an AnaeroJar with AnaeroGen) for 
Bifidobacterium species, and aerobically on potato dextrose agar (Oxoid, 
London, UK) for yeast at 25°C for 48 h.  
 
2.2.5 Analysis of sugars and organic acids 
Durian pulp samples were centrifuged (Sartorius, Sigma 3-18K, 
Göttingen, Germany) for 15 min (4,248 x g at 4°C) to obtain the supernatant, 
which was then filtered through an 0.2 µm Minisart RC 15 syringe filter 
(Sartorius, Göttingen, Germany) before HPLC analysis. 
 A HPLC system (Shimadzu, Japan) equipped with a LC-10AT System 
Controller, SIL-10AD VP autoinjector and LC solution software version 1.25 
was used. All mobile phases were filtered through an 0.45 µm 
polyethersulfone membrane (Sartorius, Göttingen, Germany) and degassed by 
sonication for 30 min. Calibration curves with R
2
> 0.99 were prepared for all 
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compounds analyzed, which were identified by comparing their retention 
times with those of the standards.  Concentration was determined based on the 
peak area obtained with respect to the calibration curve and was the average of 
single analysis of the triplicate fermentations. 
 The determination of sugars (fructose, glucose, and sucrose) was done 
based on the procedure described by Lee et al. (2010) with modifications. 
Separation was performed on a Zorbax carbohydrate column (150 x 4.6 mm, 
Agilent Technologies, USA) with 80% v/v acetonitrile in de-ionized water as 
the mobile phase at an isocratic flow rate of 1.4mL/min at 40°C. An ELSD-LT 
II detector (gain: 5; 40°C; 350 kPa, Shimadzu, Japan) was used 
 The determination of organic acids (acetate, citrate, lactate, malate, 
oxalate, pyruvate, and tartrate) was done based on the method of Lee et al. 
(2011) with modifications. The organic acids were separated using a 
Supelcogel C-610 H column (300 x 7.2 mm, Supelco, Sigma-Aldrich, Spain) 
with 0.1 % v/v sulphuric acid in de-ionized water as the mobile phase. The 
flow rate of the mobile phase was set at 0.4 mL/min, 40°C. A SPD-M20A 
photodiode array detector (λ = 210 nm, Shimadzu, Japan) was used.  
 
2.2.6 Qualitative analysis of volatile compounds 
Volatile compounds were analyzed according to the method described 
by Lee et al. (2011) using headspace (HS)-solid phase microextraction 
(SPME) combined with gas chromatography HP 6890 – flame ionization 
detector/mass spectrometry HP 5973 (Agilent Technologies, USA). Five 
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milliliters of samples were placed in a 20 mL-glass vial tightly capped with a 
PTFE/silicone septum and subjected to automatic HS-SPME exposure for 30 
min at 60°C. Extraction of the compounds was done by using a SPME fused 
silica fiber coated with 85 µm carboxen/polydimethylsiloxane (CAR/PDMS) 
(Supelco Co., USA). After extraction, the volatile compounds were thermally 
desorbed by inserting the fiber into the GC injector set at 250°C and operated 
in splitless mode for 150 seconds. An Agilent DB-FFAP (Agilent 
Technologies, USA) capillary column (60 m x 0.25 mm I.D. x 0.25 µm film 
thickness) was used for chromatographic separation. The GC oven was 
programmed to operate from 50°C to 230°C, first maintained at 50°C for 4 
min and then increased to 230°C with a rate of 5°C/min and kept for 20 min. 
 Identification of the eluted compounds was achieved by matching their 
mass spectra with those in the NIST 8.0 MS library (National Institute of 
Standards and Technology, USA) and confirmed through their linear retention 
index (LRI) values. The values of LRI on the FFAP column were determined 
using a series of alkanes (C5-C25) run under identical conditions. The volatile 
compounds detected were expressed in terms of their FID peak areas. 
 
2.2.7 Statistical analysis 
Experimental data were subject to two-way ANOVA (analysis of 
variance) using Microsoft Office Excel 2007. Results were considered 
statistically significant if the associated P value was below 0.05. The mean 
values and standard deviations were calculated based on data obtained from 
the three independent trials (triplicate) fermentations. 
26 
 
Chapter 3  
Results and Discussion 




Durian (Durio zibethinus Murr.) is a climacteric seasonal tropical fruit 
cultivated and highly valued throughout Southeast Asia (Berry, 1981), is 
universally known as a tropical fruit with a distinctive shape and a reputation 
of possessing an aroma that some would describe as unpleasant. However, 
many people view this fruit as a delicacy with a unique taste. Furthermore, 
durian is normally eaten fresh shortly after harvest due to its limited shelf life 
at room temperature (Voon et al., 2006). An alternative methodology 
incorporated to further enable preservation is via the fermentation process, 
thereby increasing its value both to the farmer and to the consumer. Tempoyak 
is a product derived from the spontaneous fermentation of durian pulp, often 
considered as a popular side dish in Malaysia and Indonesia, primarily in the 
Sumatra and Kalimantan islands (Gandjar, 1999; Irwandi and Che-Man, 
1999). Species of Lactobacillus have been reported as the main lactic acid 
bacteria (LAB) isolated from both Malaysian and Indonesian tempoyak (Issa, 
2000; Leisner et al., 2001; Wirawati, 2002; Yuliana and Dizon, 2011). 
Tempoyak is considered unique due to there being no other known lactic 
fermented durian products found within the marketplace, therefore its 
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uniqueness enabling significant opportunities for research within the field of 
durian fermentation. Since probiotics are mostly LAB, utilization of probiotics 
to ferment durian pulp would provide not only consistency and reliability of 
performance, but also some added nutritional values toward the final product; 
fermented durian. 
Probiotics are live microorganisms that contribute a beneficial effect 
on the host when administered in proper amounts (Brown and Valiere, 2004). 
Multiple reports have described their health benefits on gastrointestinal 
infections, antimicrobial activity, reduction in serum cholesterol, immune 
system stimulation, improvement in lactose metabolism, antimutagenic 
properties, anti-carcinogenic poperties, anti-diarrheal properties (Gomes and 
Malcata, 1999; Agerholm-Larsen et al., 2000; Gotcheva et al., 2002; Imasse et 
al., 2007; Shah, 2007). The viability of probiotic bacteria is the most critical 
criterion because it determines their healthful efficiency (efficacy). Therefore, 
it is important to ensure high survival rate of the probiotic bacteria during 
production in addition to its survival during storage time.  
 The aim of this research was to evaluate the growth and viability at 
ambient temperature (30°C) to assess temperature abuse, substrate 
biotransformation, aroma compound formation and possible sensory impact of 
a few of the most commonly used probiotics (L. casei L26, L. casei LPC37, L. 
acidophilusL10, L. rhamnosus HN001, B. animalis subsp. lactis B94 and B. 





3.2 Growth and survival of probiotics 
Figure 3.1 and 3.2 show the growth and survival of the six probiotic 
strains. L. casei L26 showed the highest survivability after the 30°C 
temperature switch followed by L. rhamnosus HN001 and L. casei LPC37, 
with the cell count of 3.76 x 10
7
, 3.99 x 10
5
 and 8.61 x 10
4
 CFU/mL at day 35 
respectively (Figures 3.1 and 3.2). However, the viability of L. acidophilus 
L10, B. animalis subsp. lactis HN019, and B. animalis subsp. lactis B94 
decreased after the temperature switch (Figures 3.1 and 3.2). B. animalis 
subsp. lactis HN019 died completely on day 14, while B. animalis subsp. 
lactis B94 still retained the count at 2.63 x 10
6
 CFU/ml on day 14. The cell 
counts of L. acidophilus L10 and B. animalis subsp. lactis B94 were not 
enumerated after day 21 due to rapid decreases in the viable cell count from 
day 7, with final counts of 1.25 x 10
5
 and 7.27 x 10
4
 CFU/ml for L10 and B94, 
respectively (Figure 3.1). The storage temperature (30°C) was set to mimic the 
ambient temperature in tropical countries, especially in Singapore. Thus, these 
findings showed that L. casei L26, L. casei LPC37, and L. rhamnosus HN001 





Figure 3.1 Growth and survival of L. acidophillus L10 (♦), L. casei L26 (■), 
and B. animalis subsp. lactis B94 (▲) with the storage temperature switched 
from 37°C to 30°C on day 3 (indicated by an arrow and a line) with error bars 
indicating standard deviations 
 
 
Figure 3.2 Growth and survival of L. rhamnosus HN001(■), L. casei LPC37 
(♦), and B. animalis subsp. lactis HN019 (▲) with the storage temperature 
switched from 37°C to 30°C on day 3 (indicated by an arrow and a line) with 
error bars indicating standard deviations 
 
3.3 pH changes of durian pulp 
Figure 3.3 and 3.4 show the pH changes of durian pulp fermented by 
the six probiotics. All fermentations showed a decrease in pH from an initial 










































strain LPC-37, 3.81 for strain L26, 3.89 for strain HN019 and 4.30 for strain 
B94 in 24 h. The pH value decreased further until it stabilized from day 3 
onwards (Figures 3.3 and 3.4). The decrease in pH value was mainly because 
of the production of lactic acid by lactobacilli and lactic acid and acetic acid 
by bifidobacteria. Since bacteria tend to be more fastidious in their 
relationship to pH than yeasts and molds (Jay, 2000), the drop of pH below the 
minimum value for their optimal growth resulted in the decrease of the cell 
count for all most of the strains. This is because of at low pH, the 
undissociated acids can diffuse across cell membranes of bacteria, resulting in 
the disruption of enzymatic reactions and nutrient transport systems 
(Cherrington et al., 1991). 
On day 14, pH reading for L. acidophilus L10 was at 3.1 while the pH 
value for strains L26, LPC37 and HN001 were 3.13, 3.24 and 3.33 
respectively. Based on the cell count data on day 14, it can be inferred that L. 
acidophilus was less resistant in the acidic environment compared to both L. 
casei and L. rhamnosus. Several studies also confirmed that L. acidophilus has 
poor viability at low pH (Schioppa et al., 1981; Hull et al., 1984; Ishibashi and 
Shimamura, 1993; Vinderola et al., 2000). 
Bifidobacterium animalis subsp. lactis HN019 recorded a pH value of 
3.62 on day 7 while B. animalis subsp. lactis B94 recorded a pH value of 3.88, 
the acidic environment led to the sharp decline of HN019 cell count. 
According to Shah (2011), most species of Bifidobacterium would not survive 
in less than a week at a pH value below 4.1. This would explain the drop in the 




Figure 3.3 pH changes of durian pulp inoculated with L. acidophillus L10 (♦), 
L. casei L26 (■), and B. animalis subsp. lactis B94 (▲) with the storage 
temperature switched from 37°C to 30°C on day 3 (indicated by an arrow and 
a line) and error bars indicating standard deviations 
 
 
Figure 3.4 pH changes of durian pulp inoculated with L. rhamnosus HN001 
(■), L. casei LPC37 (♦), and B. animalis subsp. lactis HN019 (▲) with the 
storage temperature switched from 37°C to 30°C on day 3 (indicated by an 
arrow and a line) and error bars indicating standard deviations 
 
3.4 Changes in sugars 
Figure 3.5 shows the changes in sugars of durian pulp fermented by six 
probiotic strains. At the end of fermentation, there was a depletion of sucrose 
by all six strains. L. acidophilusand L. rhamnosus possess the enzyme sucrose-
6-phosphate hydrolase to breakdown sucrose, while B. animalis subsp. lactis 











































breakdown sucrose (Reid and Abratt, 2005; Minervini, 2011). The depletion 
of sucrose observed in L. acidophilus, L. rhamnosus, and B. animalis subsp. 
lactis could be due to a combination of bacterial catabolism and acid 
hydrolysis, as for L. casei, the decrease of sucrose was likely because of acid 
hydrolysis only.  
The breakdown of sucrose resulted in the increase of glucose and 
fructose concentrations for most strains at the end of fermentation. However, 
L. acidophilus L10 only showed an increase of fructose concentration at the 
end of fermentation (Figure 3.5). This was probably due to the rate of 
consumption of fructose was slower than that of the formation. The net 
balance of fructose concentration for all of the strains ranged from the lowest 
of 0.02 g/100mL for L. casei L26 to the highest of 1.91 g/100mL for B. 
animalis subsp. lactis B94. On the other hand, the net balance of glucose 
concentrations for the five strains, excluding L. acidophilus L10, ranged from 
the lowest of 0.13 g/100mL for L. casei L26 to the highest of 0.69 g/100mL 
for B. animalis subsp. lactis HN019, while L. acidophilus L10 has the net 
balance of -0.04 g/100mL of glucose concentration. 
 L. acidophilus and L. rhamnosus transport sucrose from the 
surrounding environment through a phosphotransferase system (PTS), 
resulting in the accumulation of sucrose 6-phosphate, which was then cleaved 
by sucrose 6 –phosphate hydrolase to yield fructose and glucose 6-phosphate 
(Srinivas et al., 1990; Reid and Abratt, 2005; Minervini, 2011). On the other 
hand, B. animalis subsp. lactis transports sucrose into the cell unmodified via 
membrane associated sucrose permease; the transported sucrose is then 
catalyzed by sucrose phosphorylase via the reversible phosphorolysis of 
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sucrose in the presence of inorganic phosphate to yield glucose 1-phosphate 
and fructose (Kitaoka and Hayashi, 2002; Reid et al., 2005).  Glucose 1-
phosphate and fructose are then used mainly to generate ATP, resulting in the 
production of metabolic products, such as lactic acid and acetic acid. 
Hexoses available are fermented through the major pathways, such as 
homofermentative pathway (L. casei, L. acidophilus, L. rhamnosus), and 
Bifidus pathway (B. animalis subsp. lactis). The TCA cycle is only partially 
operational in LAB and bifidobacteria, due to the lack of some key enzymes, 
for example, isocitrate dehydrogenase and succinate dehydrogenase. LAB 
have an alternative way of utilizing pyruvate and other electron acceptors (i.e. 
citrate) under certain conditions to produce other organic acids and eventually 






Figure 3.5 Sugar concentrations in durian pulp fermented with monocultures 
of L. rhamnosus HN001, L. casei LPC37, B. animalis subsp. lactis HN019, L. 
acidophilus L10, L. casei L26, and B. animalis subsp. lactis B94 with error 
bars indicating standard deviations and statistical analysis at 95% confidence 




3.5 Changes in organic acids 
The initial citric acid concentration found in the durian pulp ranged 
from 0.02 – 0.04 g/L (data not shown). In general, most of the strains 
completely exhausted the initially present citric acid in durian pulp, except for 
B. animalis subsp. lactis HN019. This was likely because of the early death of 
B. animalis subsp. lactis HN019 at day 7. Citric acid metabolism can yield 
various compounds depending on the genus and strain, such as lactic acid, 
succinic acid, diacetyl, acetoin and acetic acid (Axelsson, 1993; Dudley and 
Steele, 2004). A number of studies also demonstrated that L. casei, L. 
acidophilus, L. rhamnosus, and B. animalis subsp. lactis have the capacity to 
metabolise citrate (Figueroa et al., 2001; Dudley and Steele, 2004; Oliviera et 
al., 2012; Lee et al., 2013).  
Table 3.1 shows the concentration of malic acid of durian pulp before 
and after the fermentation by six probiotics. There was a decrease in malic 
acid for all Lactobacillus strains, while an increase in malic acid was found in 
both Bifidobacterium strains. The decrease of malic acid in Lactobacillus 
strains is mostly due to the malolactic fermentation (MLF).  Malolactic 
fermentation is basically a conversion of L-malic acid into L-lactic acid and 
CO2. Malolactic enzyme is the enzyme which carries out the malolactic 
conversion (Axelsson, 1993; Bozoğ lu, et al., 1999).  Cellular efflux of lactic 
acid arising from the malolactic conversion could provide extra energy, 
involving membrane ATPase and re-entry of protons through a contiguous 
symport with the resulting formation of one ATP for every three protons 
(Bozoğ lu et al., 1999). In contrast, a slight increase of malic acid in both 
Bifidobacterium strains is possibly because of minor activity of malate 
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dehydrogenase (Meulen et al., 2006) that reduces oxaloacetate and NADH, 
thus generating two electrons from NADH and accompanying H
+
 protons 
which are later attached to oxaloacetate to form malic acid. 
 
Table 3.1 Malic acid concentration of L. rhamnosus HN001, L. casei LPC-37, 
B. animalis subsp. lactis HN019, L. acidophilus L10, L. casei L26, and B. 
animalis subsp. lactis B94 
Malic acid (g/L) 
 T-0h T-final 

























Statistical analysis at 95% confidence level with same letters indicating no 
significant difference 
 
Table 3.2 shows the concentration of lactic acid, while Table 3.3 shows 
the concentration of acetic acid of durian pulp before and after the 
fermentation by six probiotics. A significant increase of lactic acid was 
observed with all lactobacilli strains and bifidobacteria. Higher production of 
lactic acid by the lactobacilli compared to bifidobacteria observed in this study 
was because of the lactobacilli used are homofermentative, therefore produced 
lactic acid as the major organic acid during fermentation. On the other hand, 
both lactobacilli and bifidobacteria produced acetic acid, but the highest 
concentration of acetic acid was observed in both bifidobacteria (Table 3.3 and 
3.4). This is because Bifidobacterium produces higher levels of acetic acid 
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than lactic acid from sugars via bifidus pathway, normally in the ratio of 3:2 
(Ballongue 1993; Shah, 2011). However, in this experiment, the ratio of acetic 
acid to lactic acid was around 1:1 for both strains bifidobacteria. Since the 
lactobacilli used were homofermentative and there were no pentoses found in 
the durian pulp, the formation of acetic acid was likely due to citrate 
metabolism.  
 
Table 3.2 Lactic acid concentration of L. rhamnosus HN001, L. casei LPC-37, 
B. animalis subsp. lactis HN019, L. acidophilus L10, L. casei L26, and B. 
animalis subsp. lactis B94 
Lactic acid (g/L) 
 T-0h T-final 


































Table 3.3 Acetic acid concentration of L. rhamnosus HN001, L. casei LPC-
37, B. animalis subsp. lactis HN019, L. acidophilus L10, L. casei L26, and B. 
animalis subsp. lactis B94 
Acetic acid (g/L) 
 T-0h T-final 

























Statistical analysis at 95% confidence level with same letters indicating no 
significant difference 
 
Table 3.4 shows the concentration of succinic acid in durian pulp 
before and after the fermentation by six probiotics. In general, there was an 
increase in succinic acid concentration for most strains, except for L26 and 
B94.Succinic acid can be produced from various precursors, such as citric 
acid, pyruvic acid, fumaric acid, isocitric acid, and aspartic acid (Kaneuchi et 
al., 1988; Dudley and Steele, 2004). According to Kaneuchi et al. (1988), 
succinic acid was detected after two days of incubation of L. acidophilus in 
MRS broth. This would explain the increase of succinic acid concentration in 
the T-final sample of L. acidophilus L10 fermented durian pulp. However, 
neither L. casei nor L. rhamnosus could produce succinic acid due to the lack 
of one or more enzymatic activities as suggested by Dudley and Steele (2004). 
Thus, the data observed in table 3.4 for L. rhamnosus HN001 was likely 
because of analytical error.   
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On the other hand, no succinic acid detected in the T-final sample of 
durian pulp fermented by B. animalis subsp. lactis B94, while B. animalis 
subsp. lactis HN019 showed an increase in the concentration of succinic acid. 
According to Meulen et al. (2006), the succinic acid production by 
bifidobacteria is growth associated and it is always produced by 
bifidobacteria. Thus, the data observed in the T-final sample for strain B94 
was probably due to analytical error. 
 
Table 3.4 Succinic acid concentration of L. rhamnosus HN001, L. casei LPC-
37, B. animalis subsp. lactis HN019, L. acidophilus L10, L. casei L26, and B. 
animalis subsp. lactis B94 
Succinic acid (g/L) 
 T-0h T-final 

























Statistical analysis at 95% confidence level with same letters indicating no 
significant difference 
 
 Oxalic acid concentration in durian pulp ranging from 0.01 to 0.03 g/L 
did not show significant changes before and after fermentation by six 







Table 3.5 lists all of the volatile compounds before and after the 
fermentation. The volatile compounds which had the match quality ≥ 90% 
were identified and semi-quantified based on their GC-FID peak areas. Out of 
the six strains, only four representative strains were tested for their volatiles. 
This is due to two of the strains being the same subspecies, thus, L. casei was 
represented by L26, B. animalis subsp. lactis was represented by B94, and the 
remaining strains were L. acidophilus L10 and L. rhamnosus HN001.  
There was an increase in ethanol for L. casei L26 and L. rhamnosus 
HN001. However, L. casei, L. rhamnosus, and L. acidophilus are 
homofermentative lactobacilli and were not expected to produce ethanol from 
sugar metabolism. Nevertheless, trace amounts of ethanol can be produced 
from pyruvate metabolism under certain conditions, for example, when the 
growth rate is decreasing (De Vries et al., 1970; Axelsson, 1993). On the other 
hand, although bifidobacteria can produce ethanol, high concentration of 
acetic acid found in the sample (Table 3.4) showed that the metabolic pathway 
that leads to acetic acid production was more favorable. Thus, the reason for 
the variation of ethanol observed was not known.  
In general, some new volatile fatty acids compounds appeared in the 
fermented durian sample. Octanoic acid was found in all of the strains except 
for the fresh durian sample. Both of these compounds were also found in 
tempoyak (Yuliana et al., 2009; Neti et al., 2011). Hexanoid acid also recorded 
an increase for all strains compared to the fresh durian, while propanoic acid 
was only detected in samples fermented with L. acidophilus L10, L. 
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rhamnosus HN001, and B. animalis subsp. lactis B94 samples. Heptanoic acid 
was not detected in both L. acidophilus L10 and fresh durian samples. The 
formation of volatile fatty acids was probably due to the activity of esterases 
that hydrolyzed esters and/or fat in durian pulp to produce fatty acids (Smit et 
al., 2005, Neti et al., 2011). Since volatile fatty acids have unpleasant flavour, 
the increase of volatile fatty acids may be detrimental to the organoleptic 
properties of the final product. 
The naturally occurring esters in the durian were generally decreased 
during fermentation. Such compounds are ethyl 2-methylbutanoate, propyl 
hexanoate, isopropyl tiglate, and ethyl octanoate. Nevertheless, some esters 
were also formed. Propyl 2-methylbutyrate was the only ester formed by L. 
acidophilus L10, while the other three strains showed a decrease of this ester. 
Methyl hexanoate showed an increase in samples fermented with both L. 
acidophilus L10 and B. animalis subsp. lactis B94. On the other hand, 2-
methyl butanoate was the ester found in samples fermented with both B. 
animalis subsp. lactis B94 and L. rhamnosus HN001. Ethyl hexanoate, ethyl 
heptanoate, and methyl octanoate showed an increase only in the samples 
fermented with strain B94. Voon et al. (2007) suggested that the compounds 
responsible for the fruity aroma in durian are methyl propanoate, ethyl acetate, 
ethyl propanoate, ethyl 2-methylbutyrate and propyl 2-methylbutyrate. Out of 
these five esters, ethyl acetate, methyl propanoate, and ethyl propanoate were 
not detected in all of the samples, while propyl 2-methylbutyrate showed a 
decrease in three out of four samples and ethyl 2-methylbutyrate was degraded 
in all of the samples. 
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Volatile sulphur compounds (e.g. thiols, polysulphides, thioesters, 
thioacetals and heterocyclic compounds) are regarded as the unique 
characteristics of the durian aroma (Voon et al., 2007). Some of the sulphur 
containing volatile compounds were generally decreased during fermentation, 
namely: methyl ethyl disulphide, and diethyl disulphide.  An increase was 
found in strain L10 sample for dipropyl disulphide while the other three 
samples showed no trace of such compound in the T-final sample. Isomer 1 of 
1,2,4-trithiolane 3,5-dimethyl also showed a decrease except for strain B94. 
On the other hand, isomer 2 of 1,2,4-trithiolane 3,5-dimethyl recorded an 
increase in strains HN001 and B94. These results are in contrast to those of 
Neti et al. (2011), who found that there was an increase in all of the five 
volatile sulphur compounds tested in their research. However, Lee et al. 
(2012) found that diethyl disulphide and 1,2,4-trithiolane 3,5-dimethyl were 
reduced with the progress of fermentation by yeast. Based on the research 
done by Maninang et al. (2009), the sulphur-containing compounds 
(sulphides) found in durian might cause the inhibition of acetaldehyde 
dehydrogenase, resulting in the accumulation of acetaldehyde, which explains 
the durian-alcohol anecdote. Since the sulphur-containing compounds were 
generally reduced through fermentation, this may reduce the potential risk of 
consuming fresh durian alongside with alcohol. 
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Table 3.5 Volatiles (GC-FID peak area) and their relative peak area (RPA) identified at T-final for L. acidophilus L10, L. casei L26, L. 
rhamnosus HN001 and B. animalis ssp. lactis (B94). 
_______________________________________________________________________________________________________________________________ 
Compounds 
Control Durian L10 L26 HN001 B94 































          Ethanol 95.24 ± 6.67
a 
26.09 92.39 ± 8.50
a,b 
37.38 102.08 ± 7.15
a 
40.09 242.67 ± 10.7
b 
53.34 94.38 ± 0.27
a 
26.66 
           Acids 




9.46 29.78 ± 0.85
a 
11.69 45.90 ± 3.21
b 
10.09 41.84 ± 0.70
b 
11.82 








1.21 1.16 ± 0.00
b 
0.33 
Hexanoic acid 0.88 ± 0.03
a 
0.24 9.22 ± 0.10
b 
3.73 11.31 ± 0.37
b 
4.44 14.28 ± 1.00
b,c 
3.14 7.73 ± 0.07
c 
2.18 






0.15 3.97 ± 0.28
b 
0.87 1.01 ± 0.06
c 
0.29 




1.87 5.61 ± 0.47
a,b 
2.20 9.41 ± 0.12
b 
2.07 3.90 ± 0.02
a 
1.10 
           Sulphur containing compounds 
          Methyl ethyl disulphide 7.24 ± 0.4
a 
1.98 1.83 ± 0.17
b 







Diethyl disulphide 84.07 ± 4.90
a 
23.03 23.28 ± 2.00
b 
9.42 39.76 ± 0.29
c 
15.61 26.74 ± 1.50
b,c 
5.88 31.00 ± 2.08
c 
8.76 
Dipropyl disulphide 0.68 ± 0.05
a 







 1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 1) 3.63 ± 0.05
a 
0.99 2.80 ± 0.16
a,b 
1.13 3.44 ± 0.05
a 
1.35 2.01 ± 0.13
b 




(isomer 2) 7.69 ± 0.22
a 
2.11 7.57 ± 0.37
a 
3.06 6.16 ± 0.18
a 
2.42 9.36 ± 0.66
a 
2.06 11.71 ± 1.02
b 
3.31 
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Table 3.5 (Continued) 
____________________________________________________________________________________________________________________ 
Compounds 
Control Durian L10 L26 HN001 B94 































          Ethyl 2-methyl butanoate 60.69 ± 5.50
a 
16.62 27.93 ± 2.68
b 
11.30 16.21 ± 1.47
b 
6.37 18.58 ± 0.14
b 
4.09 16.43 ± 0.28
b 
4.64 
Propyl 2-methyl butyrate 18.36 ± 0.55
a,c 
5.03 21.40 ± 1.20
a 
8.66 13.27 ± 0.40
b,c 
5.21 9.08 ± 0.35
b 
2.00 14.86 ± 0.30
b,c 
4.20 
Methyl hexanoate 8.16 ± 0.75
a 
2.23 16.33 ± 0.88
b 
6.61 0.99 ± 0.09
c 
0.39 3.03 ± 0.25
d 
0.67 17.01 ± 1.53
b 
4.81 
Ethyl hexanoate 24.97 ± 2.12
a 
6.84 3.88 ± 0.29
b 
1.57 3.58 ± 0.13
b 
1.41 18.67 ± 1.43
a 
4.10 71.26 ± 2.31
c 
20.13 

































0.93 5.27 ± 0.49
c 
1.16 20.12 ± 1.23
d 
5.68 






4.74 26.59 ± 2.28
a 
5.84 n.d 









 Ethyl decanoate 4.69 ± 0.40
a 
1.28 3.59 ± 0.12
a,b 
1.45 4.65 ± 0.40
a 
1.83 2.27 ± 0.03
b 
0.50 4.51 ± 0.31
a 
1.27 








1.96 7.27 ± 0.01
a 
2.05 




0.51 0.61 ± 0.05
b 
0.24 0.71 ± 0.07
b 
0.16 n.d 
 Ethyl myristate 2.80 ± 0.26
a 
0.77 0.55 ± 0.03
b 
0.22 0.58 ± 0.04
b 
0.23 0.89 ± 0.04
b,c 
0.20 1.05 ± 0.09
c 
0.30 
*n.d – not detected; 
a,b,c,d 





This research has demonstrated the potential of the evaluated probiotic 
strains to ferment durian pulp. L. casei L26 had the highest survivability 
compared to the other five strains tested. B. animalis subsp. lactis B94 had 
better survivability compared to B. animalis subsp. lactis HN019 in an acidic 
environment. Some dominant sulphur-containing compounds initially present 
in durian were reduced, as well as some initially present esters. Sensory 
analysis is needed to further evaluate the volatile changes of fermented durian 
pulp. Nevertheless, the use of probiotics to ferment durian pulp reveals an 
alternative use for durian pulp. L. casei L26, LPC37 and L. rhamnosus HN001 




Chapter 4  
Results and Discussion 
Characterization of Lactobacillus casei L26 Monoculture and 
Its Co-culture with Williopis saturnus var. saturnus NCYC22 in 
Durian Pulp Fermentation 
 
4.1 Introduction 
Traditionally, probiotics have been added to yogurt and other 
fermented dairy products (Laroia and Martin, 1991; Young, 1998; Hagen and 
Narvhus, 1999; Lourens-Hattigh and Viljoen, 2001; Garćia-Fontán et al., 
2006; Penna et al., 2007). Nowadays, there is an increasing consumer demand 
for non-dairy-based probiotic products. Over the centuries, fermentation has 
been used to preserve, improve the quality or modify the flavor of cereals, 
fruits, vegetables, legumes and meat (Rivera-Espinoza and Gallardo-Navarro, 
2010). Since durian (Durio zibethinus Murr) has a limited shelf life at room 
temperature (Voon et al., 2006), thus people especially in Indonesia and 
Malaysia have the means of preserving durian pulp by making it into 
tempoyak. Tempoyak is a product of a spontaneous lactic acid fermentation of 
durian pulp. Probiotic fermentation of durian pulp provides an alternative 
means of preservation, adding value to durian, and extending fermented durian 
product range.  
It is agreed that probiotics need to be active and viable as well as 
present at sufficient levels to deliver optimum therapeutic effects on the host. 
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However, maintaining the stability of probiotics from manufacturing to 
consumption has been a technological challenge in developing probiotic foods. 
Various methods have been explored to improve the survival of pobiotics but 
with limited success, such as the addition of prebiotics and nutrients, 
refrigeration, stress adaptation, and microencapsulation (Shah, 2000; 
Champagne and Gardner, 2005; Doleyres and Lacroix, 2005; Ross 
et al., 2005; Roy, 2005; Vasiljevic and Shah, 2008). 
Liu and Tsao (2009, 2010) demonstrated that the viability of probiotics 
can be increased by co-culturing the probiotics with selected yeasts. Williopsis 
yeasts are non-pathogenic and food associated (Wyder and Puhan, 1999; 
Seiller, 2002; Ciafardini et al., 2006). Several Williopsis yeasts are 
mycocinogenic and are antagonistic toward other yeasts and also moulds, 
suggesting that these yeasts can act as protective cultures against potential 
spoilage microbes (Nomoto et al., 1984; Ohta et al., 1984; Michalčáková et al., 
1993; Vital et al., 2002; Liu and Tsao, 2009, 2010). Furthermore, Williopsis 
yeasts, especially W. saturnus var. saturnus could impart a fruity flavour 
attribute, due to the relatively high production of acetate esters compared to 
other yeasts (Lee et al., 2012).  Nevertheless, the mechanism of such yeast-
probiotics interactions is not yet understood.  
Since Lactobacillus casei L26 showed the highest survivability in the 
previous study (Chapter 3), the objective of this experiment was to 
characterize L. casei L26 fermented durian pulp and evaluate the effects of co-
culturing yeast W. saturnus var. saturnus NCYC22 with L. casei L26 to 
ferment durian pulp with regard to the viability of strain L26 in the presence of 
yeast, time course utilization of substrates and metabolite formation. 
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4.2 Growth and survival 
Figure 4.1 shows the growth and survival of L. casei L26 monoculture 
and the sequential co-culture of L. casei with W. saturnus NCYC22. During 
fermentation, growth and viability of the L. casei L26 monoculture showed a 
similar trend to the sequentially fermented durian pulp inoculated with W. 
saturnus NCYC22 from day 0 to day 21 (Figure 4.1).  However, from day 21 
onwards, the count of the strain L26 monoculture was steadily decreased until 
below the detection limit on day 42. On the other hand, the sequentially 
fermented durian pulp with added W. saturnus showed significant 
improvements in the survivability of L. casei L26. On day 42, L. casei L26 
still maintained an average cell count of 2.96 x 10
7
 CFU/mL. The count of W. 
saturnus increased from 3.43 x 10
5
 CFU/mL on day 3 of the inoculation to 
5.36 x 10
6
 CFU/mL on day 14 and steadily increased with a final count of 1.15 
x 10
7
 CFU/mL on day 42. This finding is in good agreement with the previous 
work done by Liu and Tsao (2009, 2010), which stated that through the 





Figure 4.1 Growth and survival of L. casei L26 (♦), L. casei L26 in co-culture 
(■) and W. saturnus NCYC22 in co-culture (▲) with the storage temperature 
changed from 37°C to 30°C on day 3 (indicated by an arrow and a line) and 
error bars indicating standard deviations 
 
4.3 Dynamics of sugar changes 
A relatively similar trend was observed in the decrease of sugars for 
both monoculture and sequential fermentation (Figure 4.2 and 4.3). Since L. 
casei could not ferment sucrose due to a lack of enzyme to breakdown sucrose 
(Minervini, 2011), the decrease of sucrose concentration observed in the L26 
monoculture was likely due to acid hydrolysis (Figure 4.2). Given that W. 
saturnus has the ability to breakdown sucrose (Lee et al., 2012), the decrease 
of sucrose in the sequential fermentation should have been more rapid 
compared to the monoculture after the inoculation of the yeast W. saturnus 
NCYC22 on day 3 (Figure 4.3). However, the dynamics of sucrose in the 
sequential fermentation was slower compared to the monoculture. This is 
probably because of the lag phase of the yeast. The concentrations of fructose 
and glucose in both fermentations were initially decreased, then experienced a 





















glucose and fructose further decreased (Figure 4.2 and 4.3). This was 
expected, because glucose and fructose were utilized by both L. casei and W. 
saturnus mainly to generate ATP, resulting in the production of metabolic 
products (e.g. lactic acid and acetic acid). The transient increase of glucose 
and fructose concentrations was ascribed to the breakdown of sucrose, thus 
providing extra amounts of glucose and fructose, and indicating the rate of 
production of glucose and fructose from sucrose was higher than the rate of 
their utilization. 
On day 42, the concentration of glucose for the monoculture and 
sequential fermentation was 0.52g/100mL and 0.12g/100mL respectively, 
while fructose concentration was 0.36g/100mL for the monoculture and 
0.27g/100mL for the sequential fermentation (Figure 4.2 and 4.3). Aside from 
the fact that there were two microorganisms in the sequential fermentation, 
which then increased the utilization of both glucose and fructose compared to 
the monoculture, the monoculture had shown a decrease in the cell count from 
day 21 onwards (Figure 4.1), and thus reducing the further catabolism of 





Figure 4.2 Dynamics of sugar changes in monoculture of L. casei L26; data 




Figure 4.3 Dynamics of sugar changes in sequentially inoculated co-cultures 
of L. casei L26 with W. saturnus NCYC22 (yeast inoculated at day 3); data 
was based on the average concentration with error bars indicating standard 
deviations 
 
4.4 pH and organic acid changes 
Figure 4.4 shows the changes of pH in the L. casei L26 monoculture 
and the sequentially inoculated co-culture with W. saturnus. Both 
fermentations showed a decrease in pH from 6.20 to 3.53 for monoculture and 
from 6.42 to 3.71 for sequential fermentation on day 1. From day 7 onwards, 































































NCYC22 showed a moderate, insignificant increase (Figure 4.4). On day 42, 
the average pH value for the monoculture and sequential fermentation was 
3.10 and 3.68.  Lee et al., (2012, 2013) also reported a slight increase of pH 
observed in durian wine. This is possibly due to the decline in lactic acid 
concentration. Wyder and Puhan (1999) found that Williopsis californica 




Figure 4.4 Dynamics of pH changes in the monoculture L. casei L26 (♦) and 
sequentially inoculated co-culture of L. casei L26 with W. saturnus NCYC22 
(■); data was based on average value with the storage temperature changed 
from 37°C to 30°C on day 3 (indicated by an arrow and a line) and error bars 
indicating standard deviations 
 
Both monoculture and sequential fermentation did not show any 
significant differences in malic acid (Figure 4.5). The decrease of malic acid 
concentration in the monoculture and sequential fermentation was likely due 
to breakdown by L. casei. Lee et al. (2013) also reported the decrease of malic 



















L26 L26 + NCYC22 
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(2010), L. casei degrades malic acid in a different manner compared to most 
LAB, that is: malate → pyruvate + CO2 → lactate.  
 Citric acid was found decreased, although there was no significant 
difference between the monoculture and the sequential fermentation (Figure 
4.5).  Citric acid may be used by L. casei to produce acetic acid and lactic 
acid, through citrate lyase via the following mechanism: citrate → acetate + 
oxaloacetate →  pyruvate →  lactate (Axelsson, 1993; Dίaz-Muňiz et al., 
2006).  Correspondingly, the acetic acid concentration showed an increase in 
both fermentations (Figure 4.5). The acetic acid concentration in the sequential 
fermentation was significantly higher compared to the monoculture. This is 
not only because of the conversion of citric acid to acetic acid by L. casei, but 
also contribution by W. saturnus. Non-saccharomyces yeast was often 
considered as spoilage yeast due to acetic acid production (du Toit, 2000). 
Yeasts are able to produce acetic acid from the oxidation of acetaldehyde by 
acetaldehyde dehydrogenase. Acetaldehyde is formed from pyruvate during 
alcoholic fermentation as an intermediate to ethanol or from the pyruvate 
dehydrogenase bypass as a precursor to acetyl-CoA (Shiba et al., 2007). 
Lactic acid concentration showed an increase for both fermentations up 
to day 14. After day 14, lactic acid concentration in the sequential 
fermentation decreased and stabilized with a slight decrease at the end of 
fermentation, while the monoculture showed a relatively stable trend with a 
slight decrease in lactic acid after day 28 (Figure 4.5).  However, there was no 
significant difference in the final lactic acid concentration between the 
monoculture and sequential fermentation. Elferink et al. (2001) found that L. 
buchneri and L. parabuchneri were able to degrade lactic acid into acetic acid, 
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1,2-propanediol, and traces of ethanol under anoxic and acidic conditions 
without requiring an external electron acceptor, such as citric acid. 
Nevertheless, there was no clear corresponding acetic acid formation in the 
sequential fermentation (Figure 4.5). The decrease of lactic acid was likely 
due to lactic acid degradation by W. satrunus (Wyder and Puhan, 1999). 
Succinic acid concentration in the sequential fermentation showed an 
overall increase during the course of fermentation. On the other hand, succinic 
acid concentration in the monoculture did not seem to show significant 
changes between T-0h and T-final (Figure 4.5). This is in good agreement 
with the result in the previous chapter (Chapter 3) and also with the work done 
by Dudley and Steele (2004), which found that L. casei does not produce 
succinic acid due to deficiencies in the reductive TCA pathway enzymes. The 
initial fluctuations observed in Figure 4.5 were likely due to analytical errors.  
The increase of succinic acid concentration found in sequential co-cultured 
fermentation was probably because of W. saturnus, as yeasts are commonly 
known to produce succinic acid. Lee et al. (2012) showed that there was a 
significant increase of succinic acid concentration in durian pulp fermented 
with W. saturnus NCYC22. 
The decline in tartaric acid (data not shown) could be due to 
precipitation as potassium hydrogen bitartrate (more commonly known as 
cream of tartar), magnesium tartrate, and calcium tartrate, as neither yeast nor 
LAB have the necessary enzyme required for tartaric acid degradation (Gao 







Figure 4.5 Dynamic changes of organic acids in L. casei L26 monoculture (♦) 
and sequentially inoculated co-cultures of L. casei with W. saturnus NCYC22 











































































Figure 4.5 Continued - Dynamic changes of organic acids in L. casei L26 
monoculture (♦) and sequentially inoculated co-cultures of L. casei with W. 
saturnus NCYC22 (■); data was based on average value with error bars 
indicating standard deviations 
 
4.5 Volatile changes  
Most of the volatiles that were initially present in the durian pulp were 
metabolized to trace levels in all the fermentations. Full lists of volatile 
compounds with the match quality of ≥ 90% can be found in Tables 4.1 - 4.4. 
 Figure 4.6 shows the changes of alcohols in both the monoculture and 
sequential co-culture fermentation. The sequential fermentation registered a 
significant increase in ethanol concentration compared to the monoculture 
(Figure 4.6). This is attributed to the expected ethanol production by W. 
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phenylethanol. The aromatic alcohol (2-phenylethanol) is an important 
precursor for the formation of 2-phenylethyl acetate by the action of alcohol 




Figure 4.6 Volatile changes of alcohols in L. casei L26 monoculture (♦) and 
sequentially inoculated co-cultures of L. casei with W. saturnus NCYC22 (■); 
data was based on GC-FID peak area with error bars indicating standard 
deviations 
 
Most of the esters that were initially present in the durian pulp were 
reduced significantly in both fermentations. Nonetheless, in the sequential 
fermentation, there were some acetate esters produced namely ethyl acetate, 
isoamyl acetate, and 2-phenylethyl acetate (Figure 4.7). This result 


























































L26 L26 + NCYC22 
58 
 
monoculture consistently produced high amounts of acetate esters. According 
to Inoue et al. (1997), W. saturnus is a potent producer of esters and is able to 
convert higher alcohols into corresponding acetate esters (Janssens et al., 
1992). Since most of the esters present in the durian were reduced to almost 
trace levels, acetate esters should help retain or even improve the fruity aroma 
of the end product. Thus, not only W. saturnus improved the survivability of 
L. casei, but also the fruity aroma of the fermented durian pulp. Further study 




Figure 4.7 Changes of esters in L. casei L26 monoculture (♦) and sequentially 
inoculated co-cultures of L. casei with W. saturnus NCYC22 (■); data was 
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Figure 4.7 Continued - changes of esters in L. casei L26 monoculture (♦) and 
sequentially inoculated co-cultures of L. casei with W. saturnus NCYC22(■); 
data was based on GC-FID peak area with error bars indicating standard 
deviations 
 
The unique characteristics of the durian aroma are associated with the 
volatile sulphur compounds (VSCs) (Voon et al., 2007). In both fermentations, 
there was a decrease in the concentration of sulphur containing compounds. In 
general, the final concentrations of VSCs in the sequential fermentation were 
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suggests that the further reduction of VSCs in the sequential fermentation was 
related to the addition of W. saturnus. Nonetheless, there were no significant 
differences in the final VSCs levels between the monoculture and sequential 
fermentations According to the study by Lee et al. (2012), most of the VSCs in 
fermented durian pulp decreased with the progress of fermentation. The 
reduction of VSCs could improve the aroma of the fermented durian pulp, 
although this warrants for further confirmation through sensory evaluation. 
 According to Maninang et al. (2009), the sulphur-containing 
compounds (sulphides) found in durian might cause the inhibition of 
acetaldehyde dehydrogenase, resulting in the accumulation of acetaldehyde, 
which explains the durian-alcohol anecdote. Since the sulphur-containing 
compounds were reduced to almost trace levels, this may reduce the potential 
risk of consuming durian alongside with alcohol. 
 
 
Figure 4.8 Changes of volatile sulphur-containing compounds in L. casei L26 
monoculture (♦) and sequentially inoculated co-cultures of L. casei with W. 
saturnus NCYC22 (■); data was based on GC-FID peak area with error bars 


































Figure 4.8 Continued - changes of volatile sulphur-containing compounds in 
L. casei L26 monoculture (♦) and sequentially inoculated co-cultures of L. 
casei with W. saturnus NCYC22 (■); data was based on GC-FID peak area 
with error bars indicating standard deviations 
 
Changes in other volatile compounds were also observed during the 
course of fermentation. Nonanal was completely depleted in both 
fermentations. However, a higher concentration of benzaldehyde was found in 
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due to the catabolism of phenylalanine by L. casei. LAB can convert L-
phenylalanine to benzaldehyde in the presence of oxygen (van Kranenburg et 
al., 2002). Since both fermentations had relatively low oxygen concentration 
and also low pH, the conversion of phenylalanine resulted in very small 
amounts of benzaldehyde (Tables 4.1 – 4.4). On the other hand, W. saturnus 
may convert some of the phenylalanine to 2-phenylethyl acetate instead of 
benzaldehyde through the Ehrlich pathway, and thus only the remainder was 
converted to benzaldehyde by L. casei. The changes in fatty acids for both 
fermentations were similar with the L. casei L26 monoculture having the 
highest concentration of octanoic acid at the end of the fermentation. The 
formation of octanoic acid was also found in tempoyak (Yuliana et al., 2009; 
Neti et al., 2011). Acetoin was only detected in the sequential fermentation 
(Table 4.3 – 4.4). The formation of acetoin was probably by W. saturnus by 
condensation of the active acetaldehyde (acetaldehyde-TPP complex) with 
free acetaldehyde formed from pyruvate through the enzyme pyruvate 
decarboxylase, without the intermediate formation of α-acetolactate (Chuang 




Table 4.1 Volatiles and their relative peak area (RPA) produced by L. casei L26 monoculture day 0-7 
_______________________________________________________________________________________________________________________________ 
 

































          Ethanol 127.31±7.30 35.39 96.42 ± 0.67 28.75 92.13 ± 4.21 35.18 90.12 ± 0.34 35.93 81.92 ± 2.96 37.17 
           Aldehydes 







 Benzaldehyde n.d 
 
4.31 ± 0.40 1.28 5.23 ± 0.50 2.00 3.46 ± 0.22 1.38 3.31 ± 0.20 1.50 
           Acids 
          Acetic acid n.d 
 
9.82 ± 0.75 2.93 11.54 ± 0.74 4.41 11.85 ± 0.63 4.72 13.01 ± 1.15 5.90 
Octanoic acid 2.36 ± 0.1 0.10 2.48 ± 0.22 0.74 2.89 ± 0.22 1.10 3.69 ± 0.35 1.47 3.26 ± 0.06 1.48 

















           Sulphur containing compounds 
          Methyl ethyl disulphide 6.21 ± 0.5 1.73 5.50 ± 0.48 1.64 5.05 ± 0.49 1.93 3.90 ± 0.07 1.56 2.82 ± 0.21 1.28 
Diethyl disulphide 87.49 ± 0.52 24.32 68.83 ± 5.70 20.52 64.62 ± 1.29 24.67 57.87 ± 0.97 23.07 48.71 ± 3.77 22.10 
1,2,4-Trithiolane, 3,5-dimethyl (1) 2.62 ± 0.12 0.12 2.60 ± 0.25 0.77 2.62 ± 0.08 1.00 2.59 ± 0.07 1.03 1.78 ± 0.15 0.81 
1,2,4-Trithiolane, 3,5-dimethyl (2) 2.10 ± 0.17 0.17 1.50 ± 0.06 0.45 1.13 ± 0.00 0.43 1.24 ± 0.04 0.50 8.66 ± 0.32 3.93 
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Table 4.1 (Continued) 
____________________________________________________________________________________________________________________  
 
day 0 day 1 day 2 day 3 day 7 
L26 































          Ethyl-2methyl 
Butanoate 34.04 ± 0.42 9.46 16.47 ± 1.54 4.91 12.82 ± 0.84 4.89 14.56 ± 1.08 5.80 11.00 ± 1.00 4.99 
Propyl 2-
Methylbutyrate 14.00 ±0.31 3.89 8.67 ± 0.58 2.58 6.24 ± 0.62 2.38 8.76 ± 0.8 3.49 7.14 ± 0.63 3.24 
Methyl hexanoate 8.07 ± 0.3 2.24 17.46 ± 1.59 5.20 6.88 ± 0.13 2.63 5.96 ± 0.50 2.38 3.86 ± 0.14 1.75 
Ethyl hexanoate 23.49 ± 1.52 6.53 49.96 ± 2.18 14.89 21.26 ± 2.09 8.12 12.32 ± 0.71 4.91 7.65 ± 0.30 3.47 





 Methyl octanoate 4.91 ± 0.37 1.36 9.27 ± 0.40 2.76 4.99 ± 0.43 1.91 5.35 ± 0.46 2.13 3.48 ± 0.29 1.58 
Ethyl octanoate 15.09 ± 1.46 4.19 25.93 ± 1.08 7.73 12.33 ± 0.92 4.71 13.90 ± 1.00 5.54 9.21 ± 0.36 4.18 






2.52 ± 0.15 1.01 1.93 ± 0.12 0.87 
Ethyl decanoate 5.89 ± 0.51 1.64 7.63 ± 0.18 2.27 6.12 ± 0.55 2.34 6.32 ± 0.44 2.52 6.45 ± 0.11 2.93 
2-Methyl butanoate 12.38 ± 1.09 3.44 6.75 ± 0.45 2.01 6.04 ± 0.01 2.31 5.84 ± 0.33 2.33 5.21 ± 0.07 2.37 






0.58 ± 0.05 0.23 0.54 ± 0.03 0.24 








0.44 ± 0.01 0.20 



























 Ethyl hexadecenoate n.d   n.d   n.d   n.d   n.d   
*n.d – not detected 
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Table 4.2 Volatiles their relative peak area (RPA) produced by L. casei L26 monoculture day 14-42 
_______________________________________________________________________________________________________________________________ 
 

































          Ethanol 83.66 ± 0.68 42.02 81.63 ± 3.33 42.62 108.39 ± 6.87 51.27 105.32 ± 6.48 52.31 90.31 ± 8.30 50.61 
           Aldehydes 









 Benzaldehyde 3.41 ± 0.22 1.71 3.35 ± 0.25 1.75 8.26 ± 0.07 3.90 9.48 ± 0.10 4.71 9.95 ± 0.50 5.58 
           Acids 
          Acetic acid 16.87 ± 0.80 8.48 15.99 ± 0.57 8.35 15.99 ± 0.57 7.56 22.25 ± 0.28 11.05 19.49 ± 0.53 10.92 
Octanoic acid 4.64 ± 0.24 2.33 3.85 ± 0.35 2.01 4.29 ± 0.39 2.03 5.54 ± 0.44 2.75 4.51 ± 0.44 2.53 















1.53 ± 0.07 0.76 0.96 ± 0.24 0.54 
           Sulphur containing compounds 
          Methyl ethyl disulphide 1.77 ± 0.03 0.89 1.77 ± 0.05 0.93 1.71 ± 0.06 0.81 0.95 ± 0.08 0.47 1.06 ± 0.03 0.60 
Diethyl disulphide 33.87 ± 2.23 17.01 34.09 ± 1.91 17.80 28.68 ± 1.29 13.57 16.71 ± 0.62 8.30 16.99 ± 0.12 9.52 
1,2,4-Trithiolane, 3,5-dimethyl (1) 2.37 ± 0.15 1.19 2.33 ± 0.19 1.22 2.56 ± 0.09 1.21 1.90 ± 0.07 0.94 1.91 ± 0.16 1.07 
1,2,4-Trithiolane, 3,5-dimethyl (2) 1.05 ± 0.07 0.53 1.03 ± 0.08 0.54 1.03 ± 0.08 0.49 0.70 ± 0.06 0.35 1.15 ± 0.10 0.65 
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Table 4.2 (Continued) 
____________________________________________________________________________________________________________________ 
 
day 14 day 21 day 28 day 35 day 42 
L26 
































          Ethyl-2methyl butanoate 9.20 ± 0.64 4.62 8.44 ± 0.79 4.41 2.94 ± 0.15 1.39 4.21 ± 0.01 2.09 0.83 ± 0.07 0.47 
Propyl 2-methylbutyrate 4.64 ± 0.29 2.33 5.05 ± 0.27 2.64 3.78 ± 0.23 1.79 1.54 ± 0.15 0.77 1.67 ± 0.09 0.93 







 Ethyl hexanoate 4.16 ± 0.40 2.09 3.73 ± 0.27 1.95 2.75 ± 0.04 1.30 1.84 ± 0.10 0.91 1.77 ± 0.28 0.99 









 Methyl octanoate 3.47 ± 0.25 1.74 2.97 ± 0.12 1.55 2.16 ± 0.05 1.02 2.15 ± 0.14 1.07 1.74 ± 0.16 0.97 
Ethyl octanoate 12.16 ± 0.62 6.11 10.66 ± 0.13 5.56 10.66 ± 0.13 5.04 10.52 ± 0.01 5.23 8.85 ± 0.60 4.96 







 Ethyl decanoate 6.75 ± 0.24 3.39 5.87 ± 0.47 3.07 6.89 ± 0.58 3.26 6.68 ± 0.53 3.32 6.08 ± 0.03 3.41 
2-Methyl butanoate 4.15 ± 0.23 2.09 4.69 ± 0.43 2.45 5.52 ± 0.46 2.61 3.50 ± 0.26 1.74 4.53 ± 0.25 2.54 
Methyl laurate 0.83 ± 0.00 0.42 3.60 ± 0.24 1.88 0.71 ± 0.04 0.34 0.75 ± 0.06 0.37 0.98 ± 0.27 0.55 
Ethyl myristate 1.15 ± 0.04 0.58 0.84 ± 0.06 0.44 1.62 ± 0.06 0.77 1.69 ± 0.05 0.84 1.40 ± 0.13 0.78 
Methyl palmitate n.d 





0.53 ± 0.04 0.30 
9-Hexadecenoic acid n.d 
   
n.d 
 
0.69 ± 0.04 0.34 0.59 ± 0.01 0.33 
Ethyl palmitate 0.84 ± 0.08 0.42 0.58 ± 0.04 0.30 1.28 ± 0.11 0.61 1.27 ± 0.10 0.63 1.20 ± 0.11 0.67 
Ethyl hexadecenoate n.d   1.07 ± 0.09 0.56 2.20 ± 0.18 1.04 2.13 ± 0.04 1.06 1.93 ± 0.17 1.08 
*n.d – not detected 
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Table 4.3 Volatiles and their relative peak area (RPA) produced by sequentially inoculated co-culture of L. casei L26 with W. saturnus 
NCYC22 day 0-7 
_______________________________________________________________________________________________________________________________ 
 
day 0 day 1 day 2 day 3 day 7 
L26 + NCYC22 































          Ethanol 51.75 ± 2.54 18.39 56.37 ± 1.02 21.84 54.68 ± 1.71 22.10 65.36 ± 0.26 25.34 69.36 ± 1.65 20.74 










           Aldehydes 
          Nonanal 2.05 ± 0.20 0.73 1.29 ± 0.02 0.50 0.55 ± 0.05 0.22 n.d 
 
n.d 










           Acids 
          Acetic acid n.d 
 
12.98 ± 1.95 5.03 14.89 ± 0.56 6.02 18.11 ± 0.83 7.02 17.15 ± 1.21 5.49 
Octanoic acid 1.04 ± 0.01 0.37 1.52 ± 0.08 0.59 1.40 ± 0.08 0.56 1.48 ± 0.08 0.57 1.55 ± 0.07 0.49 
Propanoic acid 11.38 ± 0.50 4.04 8.60 ± 0.74 3.33 10.32 ± 0.64 4.17 10.68 ± 0.37 4.14 8.44 ± 0.67 2.70 
           Ketones 






4.30 ± 0.31 1.67 3.98 ± 0.37 1.27 
           Sulphur containing compounds 
          Methyl ethyl disulphide 5.15 ± 0.47 1.83 4.10 ± 0.09 1.59 3.98 ± 0.38 1.61 3.68 ± 0.24 1.43 2.52 ± 0.17 0.81 
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Table 4.3 (Continued)  
 
day 0 day 1 day 2 day 3 day 7 
L26 + NCYC22 






























Diethyl disulphide 143.03 ± 11.96 50.84 127.78 ± 0.78 49.52 122.61 ± 8.60 49.55 116.88 ± 6.24 45.31 98.85 ± 9.56 31.63 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 1) 4.41 ± 0.36 1.57 3.15 ± 0.05 1.22 2.94 ± 0.13 1.19 3.37 ± 0.27 1.30 3.11 ± 0.13 1.00 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 2) 5.06 ± 0.34 1.80 0.65 ± 0.05 0.25 0.91 ± 0.04 0.37 0.83 ± 0.08 0.32 7.41 ± 0.43 2.37 
           Esters 








69.36 ± 1.65 22.19 
Ethyl 2-methyl butanoate 32.03 ± 0.22 11.39 18.5 ± 0.01 7.17 14.91 ± 0.17 6.02 13.66 ± 0.55 5.30 13.90 ± 0.36 4.45 









 Propyl 2-methylbutyrate 2.02 ± 0.10 6.11 2.18 ± 0.090 1.62 2.04 ± 0.15 1.23 2.15 ± 0.07 1.22 1.93 ± 0.07 1.15 
Methyl hexanoate n.d 
 
1.45 ± 0.09 0.56 1.39 ± 0.13 0.56 0.39 ± 0.01 0.15 n.d 
 Ethyl hexanoate 2.17 ± 0.10 0.77 4.55 ± 0.38 1.76 3.53 ± 0.34 1.43 3.56 ± 0.07 1.38 3.16 ± 0.12 1.01 
Ethyl heptanoate n.d 
 





 Methyl octanoate 0.36 ± 0.01 0.13 1.05 ± 0.07 0.41 0.94 ± 0.06 0.38 0.78 ± 0.03 0.30 1.11 ± 0.07 0.36 
Ethyl octanoate n.d 
 
2.61 ± 0.12 1.01 2.37 ± 0.22 0.96 1.86 ± 0.07 0.72 2.84 ± 0.22 0.91 
Ethyl decanoate n.d 
 
3.09 ± 0.13 1.20 3.18 ± 0.11 1.29 3.53 ± 0.32 1.37 3.68 ± 0.18 1.18 









 2-Methyl butanoate 5.74 ± 0.42 2.04 5.44 ± 0.02 2.11 5.81 ± 0.98 2.35 6.38 ± 0.50 2.47 6.52 ± 0.26 2.09 








0.54 ± 0.03 0.17 
*n.d – not detected 
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Table 4.4 Volatiles and their relative peak area (RPA) produced by sequentially inoculated co-culture of L. casei L26 with W. saturnus 
NCYC22 day 14-42 
_______________________________________________________________________________________________________________________________ 
 
 day 14 day 21 day 28 day 35 day 42 
L26 + NCYC22 































          Ethanol 274.15 ± 27.10 35.56 689.39 ± 52.17 46.91 880.98 ± 77.77 56.40 642.02 ± 59.38 49.25 703.55 ± 49.55 44.17 
Phenyl ethyl alcohol n.d 
 
14.19 ± 0.05 0.97 19.46 ± 1.70 1.25 20.03 ± 0.03 1.54 17.29 ± 0.84 1.09 
           Aldehydes 









 Benzaldehyde 3.11 ± 0.02 0.40 2.89 ± 0.21 0.20 3.48 ± 0.12 0.22 3.32 ± 0.27 0.25 3.59 ± 0.27 0.23 
           Acids 
          Acetic acid 14.40 ± 0.19 1.87 15.72 ± 0.37 1.07 16.38 ± 0.31 1.05 16.42 ± 1.29 1.26 23.03 ± 0.39 1.45 
Octanoic acid 1.12 ± 0.11 0.15 1.18 ± 0.05 0.08 0.95 ± 0.01 0.06 1.22 ± 0.05 0.09 1.69 ± 0.06 0.11 










           Ketones 
          Acetoin 3.15 ± 0.22 0.41 3.57 ± 0.24 0.24 5.44 ± 0.46 0.35 4.51 ± 0.34 0.35 9.35 ± 0.01 0.59 
 
Sulphur containing compounds 






Table 4.4 (Continued)  
 
day 14 day 21 day 28 day 35 day 42 
L26 + NCYC22 






























Diethyl disulphide 45.95 ± 3.37 5.96 19.75 ± 0.89 1.34 20.30 ± 0.49 1.30 12.98 ± 0.24 1.00 8.14 ± 0.48 0.51 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 1) 2.06 ± 0.10 0.27 1.21 ± 0.03 0.08 1.30 ± 0.03 0.08 0.99 ± 0.02 0.08 0.72 ± 0.01 0.04 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 2) 3.00 ± 0.24 0.39 1.52 ± 0.04 0.10 1.72 ± 0.07 0.11 1.49 ± 0.12 0.11 1.19 ± 0.05 0.07 
           Esters 
          Ethyl acetate 366.44 ± 23.05 47.54 618.19 ± 37.04 42.07 497.53 ± 40.27 31.85 487.40 ± 1.94 37.39 620.94 ± 32.46 38.98 
Ethyl 2-methyl butanoate 8.79 ± 0.77 1.14 8.34 ± 0.66 0.57 6.94 ± 0.32 0.44 2.20 ± 0.01 0.17 0.42 ± 0.01 0.03 
Isoamyl acetate 36.27 ± 0.17 4.70 72.83 ± 1.66 4.96 65.82 ± 5.93 4.21 58.82 ± 4.67 4.51 77.48 ± 7.13 4.86 
Propyl 2-methylbutyrate 0.86 ± 0.04 0.11 0.62 ± 0.03 0.04 0.52 ± 0.03 0.03 n.d 
 
n.d 


































 Ethyl octanoate 7.38 ± 0.61 0.96 7.38 ± 0.60 0.50 14.36 ± 1.03 0.92 13.45 ± 0.61 1.03 9.48 ± 0.29 0.60 
Ethyl decanoate 2.61 ± 0.15 0.34 2.03 ± 0.09 0.14 2.89 ± 0.21 0.18 2.06 ± 0.14 0.16 2.69 ± 0.09 0.17 
Phenyl ethyl acetate n.d 
 
9.45 ± 0.39 0.64 22.62 ± 0.79 1.45 36.78 ± 1.29 2.82 113.37 ± 5.64 7.12 






















It is important to maintain the viability of probiotics in order to attain 
the desired health effects. This study showed that co-culturing with W. 
saturnus improved the viability of L. casei. Furthermore, as compared to the 
monoculture, the sequentially inoculated co-culture produced some volatile 
compounds that may improve the aroma of the fermented durian pulp, while 
the sulphur-containing compounds initially present in durian were reduced. 
Thus, co-fermentation of probiotics and yeast is a promising approach to 
enhancing quality of fermented durian pulp with regard to probiotic benefits 




Chapter 5  
Results and Discussion 
Characterization of Monoculture B. animalis subsp. lactis B94 




Bifidobacteria are certainly one of the commonly used probiotics, as 
they are normal inhabitants of the GIT of humans (Simon and Gorbach, 1984). 
It is well known that probiotic bifidobacteria exert health-promoting effects, 
such as prevention of diarrhoea and microbial infection, alleviation of lactose 
intolerance, inflammatory bowel disease, and modulation of immune function 
(Leahy et al., 2005).  
Traditionally, probiotics have been added to yogurt and other 
fermented dairy products (Laoria dan Martin, 1991; Young, 1998; Hagen and 
Narvhus, 1999; Lourens-Hattingh and Viljoen, 2001), although they usually 
do not play a fermentative role in these products. Nevertheless, fermentation 
has been used to preserve, improve the quality, or modify the flavour of 
cereals, fruits, vegetables, legumes and meat (Rivera-Espinoza and Gallardo-
Navarro, 2010). Furthermore, fermentation is much preferred due to the 
simple and low energy preservation process (Wasnin et al., 2012). Nowadays, 
there is a genuine interest in the development of fruit juice-based functional 
beverages with probiotics (Rivera-Espinoza and Gallardo-Navarro, 2010).  
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Durian (Durio zibethinus Murr.) offers a novel matrix of developing a 
probiotic functional beverage, given the popularity of lactic fermented durian 
product, tempoyak in some ASEAN countries (Gandjar, 1999). 
 The viability of probiotics can be further increased through co-
culturing with selected yeast (Liu and Tsao, 2009, 2010).  Williopsis yeasts are 
non-pathogenic and food associated (Wyder and Puhan, 1999; Seiller, 2002; 
Ciafardini et al., 2006). Furthermore, Williopsis yeasts, especially W. saturnus 
var. saturnus is a potent producer of acetate esters (Janssens et al., 1992; Inoue 
et al., 1997; Lee et al., 2012), thus could impart a fruity flavor attribute to the 
fermented durian pulp. 
 According to the result of the previous chapter (Chapter 3), 
Bifidobacterium animalis subsp. lactis B94 showed better survivability 
compared to B. animalis subsp. lactis HN019. Furthermore, the co-culture of 
L. casei L26 with W. saturnus NCYC22 improved the viability of L. casei 
(Chapter 4), thus the objective of this experiment was to create and 
characterize durian pulp fermentation using non-lactic acid bacteria starter 
such as B. animalis subsp. lactis B94 and the effects of the yeast W. saturnus 
var. saturnus NCYC22 on B. animalis subsp. lactis B94 fermented durian 
pulp, with regard to cell viability in the presence of yeast, substrate utilization 






5.2 Growth and survival 
Figure 5.1 shows the growth of the B. animalis subsp. lactis B94 
monoculture and the sequential co-culture of B. animalis subsp. lactis with W. 
saturnus NCYC22.  There were no significant differences observed in the cell 
counts for both monoculture and sequential fermentation (Figure 5.1). Both 
fermentations showed similar trends and were similar to the results obtained 
earlier (Chapter 3, Figure 3.1). However, the W. saturnus added on day 3 did 
not survive, despite being inoculated at 3.08 x 10
6
 CFU/mL while the average 
bifidobacterial cell count was 3.05 x 10
8
 CFU/mL. Thus, the addition of yeast 
did not bring any effect to the survivability of the bifidobacteria. On day 7 and 
14, the average cell count of the sequential fermentation was slightly higher 
than the monoculture. This is probably due to the dead yeast cells acting as 
additional nutrients for the bifidobacteria.  
 
 
Figure 5.1 Growth and survival of B. animalis subsp. lactis B94 (♦), B. 
animalis subsp. lactis B94 in co-culture (■) and W. saturnus NCYC22 in co-
culture (▲) with the storage temperature changed from 37 °C to 30°C on day 


























5.3 Changes of pH 
Both fermentations showed similar trends in changes of pH (Figure 
5.2). This is likely the result of the death of W. saturnus in the early stage of 
fermentation. After 24 h, the average pH value dropped from 6.6 to 4.14-4.16, 
and then stabilized with a slight decrease as the fermentation progressed. On 
day 35, the average pH values for monoculture and sequential fermentations 
were 3.66 and 3.78, respectively. According to Shah (2011), Bifidobacterium 
could not grow at pH below 4.1. This explains the drop in cell count for both 
fermentations after three days.  This result is in good agreement with the 




Figure 5.2 Dynamics of pH changes in the monoculture of B. animalis subsp. 
lactis B94 (♦) and sequential co-culture with W. saturnus NCYC22 (■); data 
was based on average value with the storage temperature changed from 37°C 






















B94 + NCYC22 
76 
 
5.3 Dynamics of changes of sugars 
Figure 5.3 and 5.4 show the dynamics of sugar changes in the 
monoculture of B. animalis subsp. lactis B94 and the sequential co-culture 
with W. saturnus. Both monoculture and sequential fermentation did not show 
significant differences in terms of dynamics of sugar changes. Since 
bifidobacteria could ferment sucrose (Reid and Abratt, 2005) and sucrose 
could also be hydrolyzed by acids, the steady increases of glucose and fructose 
concentrations in both fermentations corresponded with the breakdown of 
sucrose in both fermentations (Figure 5.3 and 5.4). The increase of glucose 
and fructose concentration was a net balance of utilization and production and 
was a result of the rate of their production being higher than that of utilization. 
On day 35, sucrose was still detected in both fermentations with the 
concentration of 1.12 g/100mL for the monoculture and 0.88g/100mL for the 
sequential fermentation.  
 
 
Figure 5.3 Dynamics of sugars changes in the monoculture of B. animalis 
subsp. lactis B94; data was based on the average concentration with error bars 




































Figure 5.4 Dynamics of sugars changes in the sequentially inoculated co-
culture of B. animalis subsp. lactis B94 with W. saturnus NCYC22 at day 3; 
data was based on the average concentration with error bars indicating 
standard deviations 
 
5.4 Dynamics of organic acid changes 
Figure 5.5 shows the dynamics changes of organic acids in B. animalis 
subsp. lactis B94 monoculture and the sequential co-culture with W. saturnus 
NCYC22. Due to the early death of the added yeast W. saturnus NCYC22 in 
the early stage of fermentation by day 7, the organic acids in both the 
monoculture and sequential co-culture fermentations did not show any 
significant differences, regardless the slight variations between the two 
treatments. 
Citric acid was decreased in both the monoculture and sequential co-
culture fermentations until day 14 and stabilized for the rest of fermentation 
period (Figure 5.5). Citric acid can be converted into acetic acid, succinic acid, 
acetoin, and CO2 by bifidobacteria (Jalili et al., 2010; Oliveira et al., 2012). 
Malic acid concentration showed a steady increase in both 


































due to the minor activity of malate dehydrogenase in bifidobacteria (Meulen et 
al., 2006). Malic acid could be produced from glucose via oxaloacetate, which 
resulted from the carboxylation of phosphoenolpyruvate (PEP); oxaloacetate is 
then reduced to malic acid by malate dehydrogenase. The final concentration 
of malic acid for the monoculture and sequential fermentations were 1.67 g/L 
and 1.82 g/L relative to the initial concentration of 1.38 g/L and 1.06 g/L 
respectively. 
Tartaric acid decreased for both fermentations (data not shown). Since 
bifidobacteria lack the enzyme to metabolize tartaric acid, the decrease could 
be due to uptake by the bifidobacteria or precipitation as potassium hydrogen 
bitartrate or other salts such as Ca (Gao and Fleet, 1995). 
Succinic acid concentration was reduced in the first 24 h for both 
fermentations, and stabilized with a slight increase after day 3 until the end of 
fermentation (Figure 5.5). The final concentration of succinic acid was 0.30 
g/L for the monoculture and 0.35 g/L for the sequential fermentation. The 
result observed is in contrast with the report of Meulen et al. (2006), who 
stated that bifidobacteria are always able to produce succinic acid, although in 
a very small amount. Thus, further research is needed to confirm this result. 
The lactic acid concentration for both fermentations registered an 
increase for the first three days and then relatively stabilized until the end of 
fermentation (Figure 5.5). The concentration of lactic acid on day 35 was 
5.78g/L for the monoculture and 4.92g/L for the sequential fermentation. The 
production of lactic acid was significantly lower compared to that of 
Lactobacillus in the previous chapter (Chapter 4) (Ballongue, 1993; Shah, 
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2011). This is in good agreement with the previous result of B. animalis subsp. 
lactis B94 (Chapter 3).  
Acetic acid produced by the bifidobacteria was significantly higher 
than the Lactobacillus. This confirms the findings in the previous chapters 
(Chapter 3 and 4). Generally, for every two moles of glucose consumed, three 
moles of acetate and two moles of lactate are produced by bifidobacteria 
(Ballongue, 1993; Shah, 2011). The concentration of acetic acid for both 
fermentations increased until day 4 and stabilized for the rest of fermentation 
period (Figure 5.5). However, the ratio of acetic acid to lactic acid on day 35 
was around 1:1 in both fermentations instead of the theoretical ratio of 3:2. 
The fluctuation of acetic acid concentration observed in the 
monoculture was likely due to analytical errors. The concentration of acetic 
acid on day 35 was 4.87g/L for the monoculture and 5.13g/L for the sequential 
fermentation. It is known that acetic acid is responsible for the unpleasant 
acetic/vinegary sour odour. A high concentration of acetic acid could result in 
undesirable odour of the fermented durian. According to Taherzadeh et al. 
(1997), the concentration of acetic acid should not exceed 5g/L with the 
minimum pH of 4.5, otherwise it would inhibit the growth of Saccharomyces 
cerevisiae yeast. A similar result was also reported by Pampulha et al. (2000), 
that the growth rate of a S. cerevisiae mutant was decreased in the presence of 
acetic acid. On day 3, when W. saturnus was inoculated, the acetic acid 
concentration in the sequential fermentation was already at 4.93g/L with the 
pH value of 3.80. Thus, the acidic environment and high concentration of 






Figure 5.5 Dynamics changes of organic acids in B. animalis subsp. lactis 
B94 monoculture (♦) and co-culture with W. saturnus NCYC22 (■); data was 










































































Figure 5.5 Continued – Dynamics changes of organic acids in B. animalis 
subsp. lactis B94 monoculture (♦) and co-culture with W. saturnus NCYC22 




5.5 Volatile changes 
Both monoculture and sequential fermentations showed a decrease in 
the initially present volatile compounds. Since W. saturnus did not survive, 
there were no significant differences in the volatile profiles for both 
fermentations. Lists of all detected volatile compounds with the match quality 
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Generally, ethanol showed an insignificant decrease for both 
fermentations (Tables 5.1 - 5.4). Since W. saturnus did not survive, no 
additional ethanol was formed. Although bifidobacteria are capable of forming 
ethanol, however, the high concentration of acetic acid in both fermentations 
showed that the competing metabolic pathway (one that leads to ethanol 
formation) was not favourable. Thus, the reason for the decrease of ethanol 
was not known.  
Some of the initially present esters such as ethyl-2-methyl butanoate 
and propyl 2-methylbutyrate were reduced in both fermentations as the 
fermentation progressed (Figure 5.6), while other esters were also formed such 
as ethyl hexanoate, ethyl heptanoate, methyl octanoate, and 2-methyl 
butanoate. The decrease of the initially present esters showed some similarities 
to the results in the previous chapters (Chapters 3 and 4) and to the work by 
Lee et al. (2012). The initially present fatty acids were also reduced after 48 h 
of fermentation. Nevertheless, octanoic acid was formed during fermentation. 
The formation of octanoic acid was also found in the durian pulp fermented 
with lactobacilli in the previous chapters (Chapters 3 and 4) and also in 
tempoyak (Yuliana et al., 2009; Neti et al., 2011). The organoleptic impacts of 









Figure 5.6 Changes of esters in B. animalis subsp. lactis B94 monoculture (♦) 
and sequentially inoculated co-culture of B. animalis ssp. lactis with W. 
saturnus NCYC22 (■) with error bars indicating standard deviations 
 
Most of the volatile sulphides decreased in both fermentations (Figure 
5.7). Disulphide compounds (methyl ethyl disulphide, methyl propyl 
disulphide and diethyl disulphide) were reduced significantly in both 
fermentations, except for dipropyl disulphide. Dipropyl disulphide 
concentration was relatively stable during the fermentation. Both isomers of 
1,2,4-trithiolane, 3,5-dimethyl only registered a minor decrease in 
concentration throughout the fermentation and essentially not significant. 
These are in contrast with the findings in durian pulp fermented by lactobacilli 
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durian pulp during fermentation. Nevertheless, the reduction of VSCs may 
alleviate the pungent odour of the fermented durian pulp, since the negative 
characteristics of durian have been associated with the VSCs (Voon et al., 
2007). However, further study on the sensory analysis is needed. Furthermore, 
the decline in the concentration of sulphur-containing compounds would also 
reduce the potential risk of the inhibition of aldehyde dehydrogenase 
(Maninang, 2009) and thus making it safer if the product were to be consumed 




Figure 5.7 Changes of volatile sulphur-containing compounds in B. animalis 
subsp. lactis B94 monoculture (♦) and sequentially inoculated co-culture of B. 
animalis subsp. lactis B94 with W. saturnus NCYC22 (■) with error bars 
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Figure 5.7 Continued – Changes of volatile sulphur-containing compounds in 
B. animalis subsp. lactis B94 monoculture (♦) and sequentially inoculated co-
culture of B. animalis subsp. lactis B94 with W. saturnus NCYC22 (■) with 
error bars indicating standard deviations 
 
Acetoin was also detected during the fermentation. The concentration 
of acetoin increased steadily in both fermentations as the fermentation 
progressed (Figure 5.8). Acetoin can be produced if there is surplus pyruvate 
in the cell with respect to the need for NAD
+
 regeneration (Oliveira et al., 
2012; Axellson, 1993). Acetoin and diacetyl are flavour compounds that 
impart typical buttery aroma. In particular, diacetyl is responsible for the 
characteristic of “buttery” aroma, (Oberman and Libudzisz, 1998). However, 
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reduction of diacetyl to acetoin. According to Østlie et al. (2003) and Oliveira 
et al. (2012), bifidobacteria are capable of producing acetoin and a higher 
amount of acetoin rather than diacetyl was due to the higher NAD
+
 
regeneration requirements of the bifidus pathway.  
 
 
Figure 5.8 Changes of acetoin in B. animalis subsp. lactis B94 monoculture 
(♦) and sequentially inoculated co-culture of B. animalis subsp. lactis with W. 
saturnus NCYC22 (■) with error bars indicating standard deviations 
 
The naturally present aldehyde in durian was nonanal. The 
concentration of nonanal decreased in both fermentations as the fermentation 
progressed (Figure 5.9). On the other hand, another aldehyde compound was 
formed during the fermentation, which is benzaldehyde. The concentration of 
benzaldehyde started to stabilize with a slight increase from day 3 onwards 
(Figure 6.5). The formation of benzaldehyde is likely due to the conversion of 






































Figure 5.9 Volatile changes of aldehydes in B. animalis subsp. lactis B94 
monoculture (♦) and sequentially inoculated co-culture of B. animalis ssp. 
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Table 5.1 Volatiles and their relative peak area (RPA) produced by B. animalis subsp. lactis B94 monoculture day 0-7 
____________________________________________________________________________________________________________________ 
 
        day 0         day 1         day 2         day 3         day 7 
B94 































          Ethanol 101.41 ± 8.21 38.74 101.09 ± 1.48 27.41 93.72 ± 5.81 22.87 88.92 ± 8.05 22.40 84.00 ± 3.04 21.85 
           Aldehydes 
          Nonanal 1.79 ± 0.00 0.68 1.71 ± 0.12 0.46 1.36 ± 0.11 0.33 1.27 ± 0.05 0.32 0.75 ± 0.07 0.20 
Benzaldehyde n.d 
 
4.15 ± 0.31 1.13 4.39 ± 0.38 1.07 4.82 ± 0.03 1.22 4.84 ± 0.10 1.26 
           Acids 
          Acetic acid n.d 
 
102.60 ± 0.11 27.82 148.07 ± 5.58 36.14 151.83 ± 11.62 38.26 145.24 ± 10.11 37.78 
Octanoic acid 0.89 ± 0.02 0.34 1.23 ± 0.03 0.33 1.56 ± 0.08 0.38 1.45 ± 0.04 0.37 1.41 ± 0.06 0.37 








           Ketones 
          Acetoin n.d 
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Table 5.1 (Continued)  
 
        day 0          day 1         day 2          day 3          day 7 
B94 






























Sulphur containing compounds 
          Methyl ethyl disulfide 3.09 ± 0.11 1.18 2.35 ± 0.02 0.64 2.46 ± 0.23 0.60 2.43 ± 0.04 0.61 2.22 ± 0.02 0.58 







 Diethyl disulfide 107.41 ± 3.07 41.03 99.82 ± 0.40 27.07 99.78 ± 1.92 24.35 91.07 ± 0.08 22.95 91.33 ± 3.66 23.76 
Dipropyl disulfide 6.26 ± 0.01 2.39 5.74 ± 0.35 1.56 6.56 ± 0.35 1.60 6.93 ± 0.08 1.75 7.43 ± 0.28 1.93 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 1) 1.57 ± 0.01 0.60 1.59 ± 0.04 0.43 1.67 ± 0.15 0.41 1.54 ± 0.11 0.39 1.53 ± 0.04 0.40 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 2) 1.12 ± 0.02 0.43 0.85 ± 0.05 0.23 0.81 ± 0.04 0.20 0.86 ± 0.01 0.22 0.95 ± 0.01 0.25 
           Esters 
          Ethyl-2methyl butanoate 9.00 ± 0.03 3.44 9.76 ± 0.04 2.65 8.73 ± 0.20 2.13 8.86 ± 0.82 2.23 8.34 ± 0.19 2.17 
Propyl 2-methylbutyrate 6.86 ± 0.06 2.62 7.33 ± 0.08 1.99 6.76 ± 0.04 1.65 6.91 ± 0.31 1.74 7.02 ± 0.09 1.83 




1.79 ± 0.05 0.44 n.d 
 
n.d 
 Ethyl hexanoate n.d 
 
7.81 ± 0.30 2.12 7.80 ± 0.64 1.90 6.40 ± 0.59 1.61 6.92 ± 0.55 1.80 
Ethyl heptanoate n.d 
 
0.90 ± 0.06 0.25 1.09 ± 0.06 0.27 1.20 ± 0.11 0.30 1.24 ± 0.04 0.32 







 Ethyl octanoate 3.57 ± 0.01 1.36 2.97 ± 0.07 0.81 3.03 ± 0.02 0.74 3.24 ± 0.27 0.82 2.36 ± 0.16 0.61 
Ethyl decanoate 2.30 ± 0.02 0.88 n.d 
 
2.12 ± 0.15 0.52 1.93 ± 0.05 0.49 1.93 ± 0.12 0.50 
2-Methyl butanoate 6.78 ± 0.00 2.59 6.27 ± 0.16 1.70 6.79 ± 0.06 1.66 7.28 ± 0.62 1.83 7.01 ± 0.61 1.82 
*n.d – not detected  
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Table 5.2 Volatiles and their relative peak area (RPA) produced by B. animalis subsp. lactis B94 monoculture day 14-35 
__________________________________________________________________________________________________________________ 
 
        day 14         day 21         day 28         day 35 
B94 Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) 
Alcohols 
        Ethanol 91.63 ± 8.19  22.22 79.00 ± 6.60 19.76 86.63 ± 7.16 21.09 83.06 ± 7.77 20.86 
         Aldehydes 
        Nonanal 0.49 ± 0.03 0.12 0.54 ± 0.05 0.14 0.40 ± 0.03 0.10 n.d 
 Benzaldehyde 3.23 ± 0.27 0.78 4.97 ± 0.02 1.24 4.93 ± 0.05 1.20 5.05 ± 0.16 1.27 
         Acids 
        Acetic acid 178.37 ± 0.70 43.26 178.06 ± 7.30 44.55 192.41 ± 12.54 46.84 205.10 ± 6.63 51.51 
Octanoic acid 1.42 ± 0.07 0.34 1.16 ± 0.02 0.29 1.28 ± 0.04 0.31 1.63 ± 0.11 0.41 








         Ketones 
        Acetoin 13.41 ± 0.05 3.25 12.94 ± 0.54 3.24 13.90 ± 0.46 3.38 14.36 ± 0.31 3.60 
         Sulphur containing compounds 
        Methyl ethyl disulfide 1.63 ± 0.05 0.40 1.18 ± 0.10 0.30 1.06 ± 0.09 0.26 0.53 ± 0.05 0.13 










Table 5.2 (Continued) 
____________________________________________________________________________________________________________________ 
 
           day 14            day 21            day 28            day 35 
B94 

























Diethyl disulfide 80.35 ± 0.42 19.49 75.84 ± 2.72 18.97 65.98 ± 5.70 16.06 51.71 ± 3.29 12.99 
Dipropyl disulfide 5.83 ± 0.33 1.42 5.93 ± 0.30 1.48 5.39 ± 0.21 1.31 4.88 ± 0.29 1.22 
1,2,4-Trithiolane, 3,5-dimethyl       
(isomer 1) 1.64 ± 0.07 0.40 1.64 ± 0.08 0.41 1.66 ± 0.14 0.40 1.55 ± 0.05 0.39 
1,2,4-Trithiolane, 3,5-dimethyl       
(isomer 2) 0.92 ± 0.07 0.22 1.02 ± 0.09 0.26 0.98 ± 0.05 0.24 0.80 ± 0.03 0.20 
         Esters 
        Ethyl-2methyl butanoate 8.13 ± 0.76 1.97 2.26 ± 0.16 0.56 1.87 ± 0.09 0.46 1.93 ± 0.14 0.48 
Propyl 2-methylbutyrate 7.03 ± 0.53 1.70 6.04 ± 0.34 1.51 5.24 ± 0.49 1.28 4.44 ± 0.13 1.11 






1.22 ± 0.05 0.31 
Ethyl hexanoate 5.87 ± 0.17 1.42 6.86 ± 0.32 1.72 6.80 ± 0.31 1.66 6.55 ± 0.21 1.64 
Ethyl heptanoate 1.18 ± 0.03 0.29 1.33 ± 0.10 0.33 1.62 ± 0.09 0.39 1.14 ± 0.09 0.29 
Methyl octanoate n.d 
 
2.51 ± 0.24 0.63 2.50 ± 0.20 0.61 0.56 ± 0.05 0.14 
Ethyl octanoate 1.82 ± 0.15 0.44 8.30 ± 0.23 2.08 8.55 ± 0.75 2.08 2.75 ± 0.08 0.69 
Ethyl decanoate 1.89 ± 0.12 0.46 2.47 ± 0.04 0.62 2.38 ± 0.17 0.58 2.25 ± 0.02 0.57 
2-Methyl butanoate 7.46 ± 0.68 1.81 7.66 ± 0.53 1.92 7.22 ± 0.25 1.76 8.67 ± 0.17 2.18 
*n.d – not detected 
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Table 5.3 Volatiles and their relative peak area (RPA) produced by sequentially inoculated co-culture of B. animalis subsp. lactis B94 with W. 
saturnus NCYC22 day 0-7 
_______________________________________________________________________________________________________________________________ 
 
        day 0          day 1          day 2          day 3          day 7 
B94 + NCYC22 































          ethanol 124.91 ± 7.41 45.83 119.16 ± 5.08 29.84 117.57 ± 1.89 27.03 89.15 ± 7.74 22.58 104.27 ± 9.16 24.69 
           Aldehydes 





4.83 ± 0.38 1.11 4.84 ± 0.03 1.23 4.81 ± 0.14 1.14 
           Acids 
          acetic acid n.d 
 
124.87 ± 5.35 31.27 165.32 ± 10.11 38.01 150.08 ± 12.86 38.01 176.62 ± 7.13 41.83 
octanoic acid 1.24 ± 0.03 0.46 1.53 ± 0.11 0.38 1.76 ± 0.07 0.41 1.45 ± 0.06 0.37 1.61 ± 0.13 0.38 






           Ketones 
          acetoin n.d 
 
10.13 ± 0.92 2.54 11.34 ± 1.09 2.61 10.00 ± 0.60 2.53 11.09 ± 0.63 2.63 
           Sulphur containing 
compounds 
          methyl ethyl disulfide 2.97 ± 0.11 1.09 2.63 ± 0.08 0.66 2.37 ± 0.12 0.55 2.41 ± 0.02 0.61 2.05 ± 0.10 0.49 
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Table 5.3 (Continued) 
_______________________________________________________________________________________________________________________________ 
 
        day 0         day 1         day 2         day 3         day 7 
B94 + NCYC22 
































Diethyl disulfide 91.18 ± 1.67 33.46 90.14 ± 0.44 22.57 85.07 ± 1.33 19.56 91.11 ± 0.19 23.07 78.26 ± 4.05 18.54 
Dipropyl disulfide 5.28 ± 0.16 1.94 5.73 ± 0.29 1.43 5.77 ± 0.11 1.33 6.42 ± 0.52 1.63 6.36 ± 0.20 1.51 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 1) 1.38 ± 0.02 0.51 1.26 ± 0.03 0.32 1.38 ± 0.02 0.32 1.47 ± 0.01 0.37 1.25 ± 0.01 0.30 
1,2,4-Trithiolane, 3,5-dimethyl 
(isomer 2) 1.14 ± 0.01 0.42 0.98 ± 0.04 0.25 1.14 ± 0.01 0.26 0.90 ± 0.02 0.23 1.07 ± 0.08 0.25 









          Ethyl-2methyl butanoate 9.31 ± 0.32 3.42 10.45 ± 0.03 2.62 9.14 ± 0.69 2.10 8.81 ± 0.23 2.23 8.29 ± 0.02 1.96 
Propyl 2-methylbutyrate 5.54 ± 0.03 2.03 5.23 ± 0.03 1.31 4.92 ± 0.10 1.13 6.90 ± 0.29 1.75 5.30 ± 0.23 1.25 




1.52 ± 0.11 0.35 n.d 
 
n.d 
 Ethyl hexanoate n.d 
 
6.18 ± 0.60 1.55 7.71 ± 0.30 1.77 6.38 ± 0.57 1.62 7.81 ± 0.03 1.85 
Ethyl heptanoate n.d 
 
0.63 ± 0.04 0.16 0.76 ± 0.07 0.17 1.18 ± 0.07 0.30 0.96 ± 0.09 0.23 







 Ethyl octanoate 4.41 ± 0.27 1.62 4.14 ± 0.21 1.04 4.47 ± 0.17 1.03 3.19 ± 0.15 0.81 3.43 ± 0.00 0.81 
Ethyl decanoate 2.76 ± 0.25 1.01 2.00 ± 0.10 0.50 2.76 ± 0.25 0.63 2.02 ± 0.04 0.51 1.90 ± 0.00 0.45 
2-Methyl butanoate 5.93 ± 0.35 2.18 5.59 ± 0.24 1.40 5.93 ± 0.35 1.36 7.23 ± 0.42 1.83 6.48 ± 0.31 1.53 
*n.d – not detected 
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Table 5.4 Volatiles and their relative peak area (RPA) produced by sequentially inoculated co-culture of B. animalis subsp. lactis B94 with W. 
saturnus NCYC22 day 14-35 
_____________________________________________________________________________________________________________________________ 
 
          day 14         day 21         day 28         day 35 
B94 + NCYC22 Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) Average ± SD (10
6
) RPA (%) 
Alcohols 
        Ethanol 102.60 ± 2.17 23.53 99.73 ± 3.71 22.51 98.58 ± 1.61 21.95 83.66 ± 6.90 20.80 
         Aldehydes 
        Nonanal 0.59 ± 0.05 0.14 0.34 ± 0.03 0.08 0.34 ± 0.03 0.08 n.d 
 Benzaldehyde 4.57 ± 0.41 1.05 4.00 ± 0.27 0.90 4.56 ± 0.33 1.02 5.23 ± 0.20 1.30 
         Acids 
        Acetic acid 212.16 ± 0.12 48.65 222.36 ± 5.28 50.18 230.26 ± 20.00 51.27 219.97 ± 6.24 54.69 
Octanoic acid 1.48 ± 0.07 0.34 1.01 ± 0.00 0.23 1.30 ± 0.05 0.29 1.67 ± 0.04 0.42 








         Ketones 
        Acetoin 12.77 ± 1.86 2.93 14.25 ± 0.62 3.22 14.84 ± 0.25 3.30 13.53 ± 0.66 3.36 
         Sulphur containing compounds 
        Methyl ethyl disulfide 1.41 ± 0.05 0.32 1.16 ± 0.07 0.26 0.76 ± 0.07 0.17 0.49 ± 0.02 0.12 










Table 5.4 (Continued) 
_______________________________________________________________________________________________________________________________ 
 
           day 14            day 21            day 28            day 35 
B94 + NCYC22 


























Diethyl disulfide 65.97 ± 1.27 15.13 63.93 ± 4.15 14.43 53.75 ± 0.83 11.97 43.37 ± 2.95 10.78 
Dipropyl disulfide 5.45 ± 0.16 1.25 4.58 ± 0.13 1.03 4.56 ± 0.38 1.02 4.66 ± 0.05 1.16 
1,2,4-Trithiolane, 3,5-dimethyl       
(isomer 1) 1.24 ± 0.02 0.28 1.34 ± 0.04 0.30 1.28 ± 0.05 0.29 1.21 ± 0.07 0.30 
1,2,4-Trithiolane, 3,5-dimethyl       
(isomer 2) 0.96 ± 0.03 0.22 0.93 ± 0.03 0.21 1.08 ± 0.02 0.24 1.26 ± 0.02 0.31 
         Esters 
        Ethyl-2methyl butanoate 8.25 ± 0.13 1.89 3.03 ± 0.18 0.68 2.24 ± 0.13 0.50 1.59 ± 0.06 0.40 
Propyl 2-methylbutyrate 5.20 ± 0.29 1.19 4.78 ± 0.38 1.08 4.02 ± 0.36 0.89 3.49 ± 0.26 0.87 
Methyl hexanoate n.d 
 
1.35 ± 0.08 0.30 1.31 ± 0.12 0.29 1.46 ± 0.03 0.36 
Ethyl hexanoate 6.73 ± 0.66 1.54 5.57 ± 0.54  1.26 6.25 ± 0.33 1.39 6.20 ± 0.28 1.54 
Ethyl heptanoate n.d 
 
1.43 ± 0.08 0.32 1.69 ± 0.11 0.38 1.32 ± 0.07 0.33 
Methyl octanoate 0.63 ± 0.04 0.14 2.66 ± 0.16 0.60 2.49 ± 0.00 0.55 0.67 ± 0.01 0.17 
Ethyl octanoate 4.13 ± 0.27 0.95 8.41 ± 0.83 1.90 9.22 ± 0.79 2.05 3.02 ± 0.11 0.75 
Ethyl decanoate 1.97 ± 0.14 0.45 2.27 ± 0.10 0.51 2.21 ± 0.11 0.49 1.89 ± 0.12 0.47 




8.40 ± 0.71 1.87 7.48 ± 0.46 1.86 




W. saturnus could not survive after being inoculated on day 3 likely 
due to inhibition of high acetic acid concentration produced by bifidobacteria 
and low pH. Thus, the addition of W. saturnus did not bring any effect on the 
survivability of bifidobacteria nor on substrate transformation and metabolite 
formation. The initially present sulphides compounds were reduced, as well as 
most of the volatile compounds present in durian pulp. Other yeasts that are 




Chapter 6  
General Discussion and Future Work 
 
6.1 General Discussion 
It was found that out of six commercial probiotic strains, Lactobacillus 
casei L26 had the highest survivability during the 39 days of storage at 30°C 
with the average cell count of 1.71 x 10
6
 CFU/mL on day 42 among all strains. 
On the other hand, Bifidobacterium animalis subsp. lactis B94 had better 
survivability compared to Bifidobacterium animalis subsp. lactis HN019, 
which died off during storage on day 14 at 30°C, while B. animalis subsp. 
lactis B94 still retained the count at 2.63 x 10
6
 CFU/mL on the same day at 
30°C.  
The sequential inoculation with Williopsis saturnus var. saturnus 
NCYC22 revealed that it successfully increased the survivability of L. casei 
L26 on day 21at 30°C by two fold with the average cell count of 2.53 x 10
8
 
CFU/mL. On day 42 at 30°C, L. casei L26 in the sequential co-culture 
fermentation still retained the average cell count of 2.96 x 10
7
 CFU/mL, while 
the monoculture of L. casei L26 died off. Significant differences were found in 
the production of some organic acids such as acetic acid and lactic acid 
between the monoculture and the sequential co-cultured fermentation. 
Nevertheless, the initially present sulphur-containing compounds (diethyl 
disulphide, methyl ethyl disulphide, and both isomers of 1,2,4-trithiolane, 3,5-
dimethyl) were reduced and acetate esters that would improve the aroma 
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profile of the fermented durian were also produced, such as isoamyl acetate, 2-
phenylethyl acetate, and ethyl acetate.  
W. saturnus did not survive in during the fermentation with 
Bifidobacterium. High concentration of acetic acid (4.93 g/L) and low pH 
(3.80) upon the inoculation on day 3 hindered the growth of W. saturnus. 
Thus, the co-culture of Bifidobacterium with yeast did not bring about any 
significant changes compared to the monoculture. Some of the sulphur 
containing compounds, such as methyl ethyl disulphide and diethyl sidulphide 
were also reduced throughout the fermentation.  
The reduction of sulphur-containing compounds in durian pulp through 
fermentation should lower the potential risk of the inhibition of aldehyde 
dehydrogenase, making it safer if it were to be consumed alongside with 
alcoholic beverages. 
 
6.2 Future work 
This current research focused on selecting the best Lactobacillus and 
Bifidobacterium strain from the commercially available probiotic strains to 
study their characteristics and implementing co-culture with Williopsis 
saturnus var. saturnus yeast in durian pulp fermentation. Nevertheless, this 
thesis recommends that better understanding pertaining to this particular field 




 Similar effect of the increased viability of L. casei L26 through 
sequential co-culture with W. saturnus NCYC22 could not be achieved in the 
B. animalis subsp. lactis B94 fermented durian pulp, due to the early death of 
W. saturnus after inoculation. Acetic acid-resistant non-Saccharomyces yeast 
can be used in the sequential co-culture with Bifidobacterium, in order to 
achieve the desired effect of increasing the viability of Bifidobacterium. 
Sensory evaluation may be used to confirm the impact of the changes 
of volatile compounds observed in both monoculture and sequential co-culture 
fermentations of durian pulp on the organoleptic properties. In addition, 
monitoring the dynamics of the changes of amino acids in both monoculture 
and sequential co-culture fermentations would provide better understanding in 
how the generation of some volatile compounds that could influence the 
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